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iPREFACE
This thesis is an attempt to use various statistical methods in 
order to reconstruct or build with the help of non-monetary indicators 
some economic or socio-economic aggregates that are internationally compar­
able. These aggregates are namely Gross Domestic Expenditure and Socio- 
Economic Welfare. It is important to stress at the outset that this study 
is essentially applied in nature. That is, it seeks to use existing 
statistical and econometric techniques to the analysis of welfare and 
national accounting problems. It does not attempt or claim to develop 
any new econometric techniques to deal with these questions.
The thesis consists of three parts. Part I is concerned with 
the theoretical shortcomings of any comparisons of aggregates, the index 
number problem, and with the specific problems of aggregating and compar­
ing welfare. Two separate questions are raised, the validity of the 
concept of aggregate welfare and the determination of its arguments, i.e. 
the question of inclusion. The last chapter in this part is devoted to 
the description of the literature based on the non-monetary indicators and 
to the non-monetary indicators themselves.
Part II tackles the problem of reconstructing Gross Domestic 
Expenditure with the help of relevant non-monetary indicators. Two basic 
methods are developed. The first one uses single regression as its main 
tool of analysis while the second one draws upon principal component anal­
ysis. Finally these methods are applied to various groups of countries, 
especially the material product countries, and the countries possessing 
very unreliable national income data or exchange rates in order to obtain 
more realistic scores for their Gross Domestic Expenditure.
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The third part can be regarded as an application of the methods 
described in Part II to the measurement and the international comparison 
of a concept of socio-economic welfare. First the emphasis will be on 
the selection of relevant non-monetary indicators and on the difficulty of 
such an undertaking in the light of the subjectivity of any concept of 
welfare. Comparative indices will however be built and their tentative 
nature noted.
This project was originated at the University of Pennsylvania in 
the International Comparison Project under the directorship of Professor 
I. Kravis. There I collaborated with Dr A. Heston in the development of a 
very early approach. I am most thankful to both of them for their crucial 
role at this early stage. During the time I was engaged in this project 
at the Australian National University, I benefited from discussions with 
a number of people. First, I would like to thank my thesis adviser, Dr 
R.M. Sundrum, for his advice and thorough criticisms at all stages of the 
study. During the latter stages, Dr P.J. Lloyd played the role of a 
secondary adviser and made very important comments and suggestions for 
which I am also grateful. Drafts of various sections were also read by 
Professor S.J. Turnovsky, whose comments I also wish to acknowledge. I 
would also like to thank Professor H.W. Arndt, Head of the Department of 
Economics, Research School of Pacific Studies, for all his help during my 
stay in the department. I am indebted to Mrs Erica Harris, the department 
secretary, to Mrs Betty Newman who typed some earlier drafts and to 
Mrs Beryl Palmer who helped with the final version. Mrs Isobel Everitt 
who typed the final manuscript deserves my very special thanks. Finally,
I am grateful to my husband, Stephen, and to my children, Geoffrey and 
Jacqueline, for encouragement and support at all stages of this thesis.
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PA R T  I
I N T R O D U C T I O N  TO MO N E T A RY  AND N O N - M O N E T A R Y
A P P R O A C H E S  TO A G G R E G A T E  M E A S U R E M E N T S
C H A PT E R  I
PROBL EMS OF I N T E R N A T I O N A L  EC ON O MI C  C O M P A R I S O N S
T h is  t h e s i s  i s  c o n c e rn e d  w i t h  a g g r e g a te  econom ic  m easurem ents  
and t h e i r  u se  i n  i n t e r n a t i o n a l  c o m p a r is o n s .  In  t h e  f i r s t  s e c t i o n  o f  
t h i s  c h a p t e r ,  t h e  e x i s t i n g  a g g r e g a te  m o n e ta ry  i n d i c a t o r s  w i l l  be i n t r o ­
duced  w h i l e ,  i n  t h e  se co n d  s e c t i o n ,  t h e  econom ic c o n c e p ts  t h a t  t h e s e  
a g g r e g a t e  i n d i c a t o r s  a r e  su p p o sed  t o  m easu re  w i l l  be  d e s c r i b e d .  T h is  
w i l l  p r o v id e  a p re v ie w  o f  t h e  v a r i o u s  p rob lem s i n v o lv e d .  The t h i r d  
s e c t i o n  w i l l  th e n  e x p o s i t ,  i n  t h e  form o f  an o u t l i n e  o f  t h e  t h e s i s ,  how 
we p l a n  t o  a p p ro a c h  t h e s e  i s s u e s .
A
PRESENTATION OF THE EXISTING AGGREGATES
The c o n c e p t  o f  n a t i o n a l  income h a s  b e e n  d e v e lo p e d  i n  o r d e r  t o  
a p p r a i s e  t h e  econom ic  p e r fo rm a n c e  o f  a c o u n t r y .  I t  i s  a m oneta ry  
m easu re  su m m aris in g  th e  a g g r e g a t e  f low  o f  goods and s e r v i c e s  d u r in g  a 
s p e c i f i c  p e r i o d  o f  t im e ,  u s u a l l y  a y e a r .  In  f a c t  t h e r e  a r e  a number 
o f  r e l a t e d  and s l i g h t l y  d i f f e r e n t  m ea su res  t h a t  can be d e f i n e d  more 
p r e c i s e l y .  The m ain  v a r i a n t s ,  and t h e i r  r e l a t i o n s h i p s ,  a r e  p r e s e n t e d
i n  T a b le  1 . 1 .
2Table 1.1
Gross National Product (GNP) at market prices less 
net factor income from abroad equals
Gross Domestic Product (GDP) at market prices less 
indirect taxes net of subsidies equals
Gross Domestic Product (GDP) at factor costs less 
depreciation equals
Net Domestic Product (NDP) at factor costs plus 
net factor income from abroad equals
National Income (NI).1
As these national income measures are rather complex 
aggregates, certain problems inevitably appear. They can be classified 
into problems of calculation and problems of presentation. As a con­
sequence, the United Nations’ statisticians undertook the task of 
resolving most of these difficulties and laying down a set of conventions 
in A System of National Accounting (1968). Most countries (with the 
exception of the centrally planned economies) agreed to adopt these 
standardised guidelines.
As a result, the most common of the national income measures, 
the Gross Domestic Product (GDP) at market prices, is available for the 
years 1968-1970 for 115 countries. Nine centrally-planned economies 
offer data for an alternative monetary aggregate: the material product.
The rest of the countries belong to two categories; either they have 
not yet developed accounting systems which are sophisticated enough to 
construct any national account aggregates, or they were not able to 
produce any national income statistics for these particular years for 
some extraneous reasons; war, loss of independence etc.
1 This is the narrow definition of NI adopted by the United States 
which differs from the United Nations’ definition by the extent of 
the indirect taxes.
3The National Income and other related monetary aggregates can 
be used in two different contexts. First, these aggregates, and their 
relation to other economic concepts like investment, consumption etc., 
can be analysed in an intertemporal context. Second, these relations 
can be studied in an international context. This thesis will be con­
cerned almost entirely with the latter, although at appropriate stages 
we note the analogy between the intertemporal and international problems.
It is quite natural to try to compare the economic performance 
of various countries with the help of the National Income or any other 
related measure. However, there has been considerable criticism over 
the use of these various aggregates for international comparisons. 
Unfortunately, the only refinement routinely introduced, transforming 
the aggregate data on a per capita basis, has not quelled them. These 
criticisms have been levied at various weaknesses, ranging from mere 
statistical ones to highly theoretical issues. Nevertheless, one cannot 
reject the National Income measures outright as inadequate for inter­
national comparisons without first surveying and classifying thoroughly 
the various questions involved. Hence the first step consists of 
identifying the various aggregate concepts that could be compared. Then 
the various problems or difficulties linked with the measurement of such 
concepts, as well as those linked with the comparability of such measure­
ments, must be succinctly discussed.
B
SURVEY OF ISSUES
A convenient way to identify the various issues consists of 
integrating them into the framework of standard general equilibrium 
theory. We will thus distinguish between four concepts; the productive
4capacity, the consumption possibilities, economic welfare, and socio­
economic welfare.
I. The productive capacity and real output
The productive capacity of a country refers to the flow of goods
and services produced. Hence it is relevant to express it at factor
costs. Obviously various statistical difficulties arise when such a 
measure is constructed; these will be discussed in greater detail in 
the following chapter. When the aggregate measure is used for comparat­
ive purposes to obtain estimates of ’real output’,one major stumbling
block materialises. The objects of the comparison are points lying on 
different production possibility frontiers and facing different relative 
prices (which are in fact relative marginal costs). In the case of 
intertemporal, as well as in the case of international comparisons, this 
pitfall is the so-called index number problem which stems from the fact 
that the price structure is different in the various situations to be 
compared. In the case of international comparisons, further difficulties 
arise from the fact that there is no common international currency. 
Consequently, it is necessary to use the exchange rates to convert the 
various national currencies into a common denominator and this intro­
duces a further set of problems.
II. Consumption possibilities and real expenditure
Two obvious distinctions between the productive capacity and 
the consumption possibilities can be readily noted. First, the goods 
consumed do not correspond exactly to the goods produced and second, 
market prices become the relevant weights. More precisely, the consump­
tion possibilities refer to the flow of goods and services that could 
be consumed. The actual level of consumption can be named"(real)
5a g g r e g a t e  e x p e n d i t u r e  a t  c o n s t a n t  m arke t  p r i c e s "• For  a c l o s e d  economy, 
t h i s  s h o u l d  i n c l u d e :
(1) p r i v a t e  e x p e n d i t u r e  on f i n a l  n o n - d u r a b l e  d o m e s t i c  goods 
and s e r v i c e s  a t  c o n s t a n t  p r i c e s ;
(2) d i s c o u n t e d  v a l u e  o f  f low o f  s e r v i c e s  f rom p r i v a t e  
e x p e n d i t u r e  on d o m e s t i c  d u r a b l e  goods ;
(3) d i s c o u n t e d  v a l u e  o f  t h e  f low of  goods and s e r v i c e s  
p ro d u c e d  by t h e  d o m e s t i c  i n v e s t m e n t  goods ;
(4) e x p e n d i t u r e  on p u b l i c  goods and s e r v i c e s  p r o p e r l y  
v a l u e d .
The measurement  o f  t h e  f i r s t  component  i s  s t r a i g h t f o r w a r d ;  t h e  m ea s u re ­
ment o f  t h e  s eco n d  component does n o t  p r e s e n t  to o  many p ro b le m s ;  
however ,  t h e  l a s t  two components  r a i s e  a number of  a lm o s t  i n s o l u b l e  
c o m p l i c a t i o n s .
M oreover ,  i n  t h e  c a s e  o f  an open economy,  t h e  e x p e n d i t u r e  on 
i m p o r t e d  goods and s e r v i c e s  must  be added t o ,  and e x p o r t s  s u b t r a c t e d  
from,  t h e  c o r r e s p o n d i n g  c a t e g o r i e s  a b o v e ,  t h e r e b y  i n t r o d u c i n g  f u r t h e r  
p rob lem s  of  v a l u a t i o n  s temming from t h e  i n t e r a c t i o n  be tw een  t h e  commodity 
te rm  of  t r a d e  and t h e  measurement  o f  an i n d e x  of  r e a l  consum pt ion .
Given  t h e  d i f f i c u l t i e s  of  d e t e r m i n i n g  a p r o p e r  v a l u a t i o n  f o r  
i n v e s t m e n t  and f o r  p u b l i c  g o ods ,  t h e  t h e o r y  on r e a l  e x p e n d i t u r e  was 
d e v e lo p e d  on ly  i n  t h e  l i m i t e d  c a s e  o f  p r i v a t e  e x p e n d i t u r e  on f i n a l  goods 
and s e r v i c e s .  M oreove r ,  i t  i s  on ly  i n  t h i s  c a s e  t h a t  t h e  p rob lem s  of  
t h e  i n t e r a c t i o n  b e tw e e n  t h e  commodity t e r m  o f  t r a d e  and t h e  measurement  
s o u g h t  h a s  be e n  t h o r o u g h l y  d i s c u s s e d  and d e a l t  w i t h  i n  t h e  l i t e r a t u r e .
F u r t h e r m o r e ,  f o r  t h e  p u r p o s e  o f  c o m p a r i s o n ,  t h e  d e r i v a t i o n  o f  
an i n d e x  o f  ' r e a l  e x p e n d i t u r e ' ,  w h e t h e r  t o t a l  o r  on ly  p r i v a t e ,  i s  
p l a g u e d  by t h e  u s u a l  i n d e x  p ro b le m  and by t h e  exchange  r a t e  d i f f i c u l t i e s
6in the specific case of international comparisons. These problems are 
analogous to those present in the construction of an index of ’real 
output' which were mentioned in the previous section.
At this point, the clarification of the terminology becomes of 
paramount importance. Indeed the literature does not use the term 'real' 
in a consistent manner: in fact it is often used to mean merely
'deflated' specially in the case of international comparisons. Moreover, 
the term 'real income' is used indiscriminately to mean either 'real 
output' or 'real expenditure'. However, from a theoretical point of 
view, deflated GNP at market prices or GNP at constant market prices is 
not a measure of real income. Rather, it measures a concept of 'gross 
aggregate expenditure at constant prices'; the index problem is still 
present and, as the valuation of the various components is quite in­
consistent, it cannot be branded 'real'. Hence the qualitative 'real' 
must be strictly reserved to homogeneously valued concepts, whether we 
want to compare output, expenditure, or final consumption. The distinc­
tion between the deflated national account items and these 'real' items 
is therefore twofold: the classification of the components, as well as
their valuation, are different.
Ill. Economic welfare
In the two preceding sections, the concepts of 'real output' 
and 'real expenditure' were introduced in a manner devoid of any welfare 
connotation. However, the following question is now raised: can we
lend any welfare meaning to a concept of real expenditure? (Clearly 
we cannot to real output.) This is a very controversial issue which 
is at the origin of a number of very complex queries: the existence 
of an aggregate utility function, the logic of the compensation principle,
7the assumption of a social welfare function, the interaction with the 
commodity terms of trade, etc.
On a different level, the set of commodities included in the 
’real expenditure' measure might have to be closely scrutinised; if 
'real expenditure' is to be a measure of welfare, only the consumption 
of commodities positively related to welfare should be included; hence 
special attention must be given to negative externalities of consumption 
and 'necessary evils' (for instance police or armaments).
IV. Social welfare
If the existence of a social welfare function is accepted, 
its definition in terms of the components that should be included also 
creates dissension. Hence one should distinguish between economic 
welfare, a rather materialistic concept, socio-economic welfare, and 
social welfare, a wider and more philosophical one. Unfortunately a 
certain amount of subjectivity is unavoidable in any detailed 
description of such welfare functions.
The various problems quoted in the four previous sections will 
be examined in greater detail in the following two chapters. As some 
of the problems are common to several of the aggregate concepts, the 
headings will correspond to the problems themselves rather than to the 
aggregate concepts.
The examination of these problems will lead us to develop an 
entirely different approach to the measurement of some of the aggregates 
described above. Our plan is spelled out in the next section.
8C
PRESENTATION OF OUR APPROACH
The first part of the thesis will be devoted to a critical 
examination of the standard monetary aggregates and to alternatives 
proposed in the literature. In Chapter II the weaknesses of the 
monetary measures will be categorised into the problems of measurement 
of the aggregates per se, and into the problems of their comparability 
more specifically in the context of international comparisons. This 
corresponds to the task of performing proper 'real output' or 'real 
expenditure' comparisons. Various attempts in the literature to over­
come some of these difficulties will be quoted or described; among them, 
the purchasing power parity approach will receive special attention.
In Chapter III, we will shift to welfare considerations. The relation 
between real expenditure and welfare and the question of economic versus 
social welfare will be raised successively and the relevant literature 
will be presented. We will note that a number of the authors quoted 
have sought to avoid some of the complex problems of valuation by adopt­
ing non-monetary approaches. There are, however, a number of problems 
in these suggestions for the use of non-monetary indicators. The main 
object of this thesis will be to produce alternative solutions to these 
problems also based on non-monetary indicators. Hence Chapter IV will 
describe a number of non-monetary approaches proposed in the literature 
and describe the non-monetary indicators available.
Part II is devoted to the development of statistical methods to 
aggregate the non-monetary indicators in order to solve or to avoid 
some of the problems described above. The data involved is presented 
in Chapter V. A first technique, based on single regression, is 
developed in Chapter VI, while the development of techniques based on
9multivariate analysis, and more specially on principal components 
analysis, are the object of Chapter VII. Finally Chapter VIII is 
devoted to various applications of these statistical approaches to a 
larger sample of countries and, more specifically, to countries lacking 
national account statistics.
In this second part we limit ourselves to the task of con­
structing comparable measures of ’real expenditure’ and avoid any 
welfare interpretation. The construction of a welfare index remains 
the object of the last part, Part III. The commodity set is defined in 
Chapter IX and the aggregation of these special non-monetary indicators 
of welfare is carried out in Chapter X using basically some of the 
statistical techniques developed in Part II and adapting them to this 
special purpose. Chapter XI then discusses the theory underlying our 
new index and draws out its welfare content.
C H A P T E R  II
PROBLEMS OF MEA SUR E M E N T  AND OF COMPARA BILIT Y OF 
AGG REGA TE MONETAR Y QUANTITIES
The basic difficulties related to the measurement, and to the 
comparability, of aggregate monetary quantities have been introduced in 
the standard general equilibrium context in the last chapter. The task 
of this chapter is now to classify these difficulties logically, to 
analyse them in greater detail, and to relate them to the relevant 
literature.
A distinction will be made between two categories of problems. 
First, the more superficial problems of measurement of these monetary 
aggregates per se, statistical problems and problems due to extraneous 
circumstances (state of the market, amount of perfect competition etc.), 
will be analysed. Second, the more troublesome problems of comparing 
real aggregate measures derived from these monetary measures will be 
presented. This poses the fundamental index problem which we discuss in 
Section B. Then we examine the purchasing power parity (PPP) approach 
which is really an expression of the index problem as it arises when one 
seeks to obtain quantity indices indirectly by using a PPP measure as an 
implicit price deflator of the monetary measures.
10
11
A
PROBLEMS OF MEASUREMENT OF THE AGGREGATE MONETARY QUANTITIES
The problems of measurement of the aggregate monetary 
quantities discussed in this section are common to the various national 
income statistics, GNP, GDP or NI. Hence for convenience, we will refer 
to only one of these aggregates, GNP, with the understanding that the 
discussion applies also to the other aggregates.
As explained in any basic textbook, for instance Samuelson (1967), 
the calculation of GNP in current prices over a given period of time can 
be carried out along two different but equivalent approaches: the flow of
product approach and the flow of earnings approach. By definition, these 
two approaches will yield identical results1 as they are analogous to 
double entry accounting procedures. On the flow of product side, GNP is 
equal to the sum in money value of:
(1) final consumption expenditures
(2) gross investment expenditures
(3) government’s final expenditure on goods and services
(4) and net exports (exports less imports);
on the flow of earnings side, GNP is equal to the sum in money value of:
(1) wages and salaries
(2) rents
(3) profits
(4) interest
(5) indirect business taxes; and
Note that these are essentially static definitions of GNP; the 
equivalence does not hold over time (in comparative statics) as 
factor prices and market prices will probably not change proportion­
ately.
1
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(6) depreciation1.
The actual calculation of such a concept is based on an 
enormous amount of data, very precise definitions at all levels, and 
very sophisticated conventions in order to deal with various difficulties. 
The eventuality that a number of errors of measurement will affect the 
precision of the results is almost inevitable.
We must also note that the measurement of GNP is undertaken 
only in capitalist economies. Hence the existence of GNP is linked to 
trading in free and competitive markets. In fact the socialist economies 
have no ways to measure a similar GNP and they can only estimate a 
measure of Material Product with the help of shadow prices (which approx­
imate the real prices yielded by perfect competition). It is thus 
obvious that anything that distorts the pricing system will also have 
repercussions on GNP as it is based on the money value of the goods and 
services. In this connection we shall discuss briefly various errors 
in compilation and price distortions.
I. Errors in compilation
(1) Unreliability of the read statistics.
The basic data is originated at various levels: private firms,
government etc.; a multitude of errors will thus be introduced and 
their extent will vary among countries.
(2) Double-counting difficulties.
The calculation of GNP requires only the summing up of the 
final goods and services. The introduction of any intermediate good
1 The flow of earnings must be equal to the costs of production of 
the final goods and services, hence depreciation must be accounted 
for.
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will create double-counting. However, besides the fact that some firms 
might make mistakes in their statements, the distinction between inter­
mediate and final goods and services is not always clearcut. For 
instance, a car can be used as a means of transportation to go to and 
from work or for a Sunday ride.
(3) Classification difficulties.
There is some controversy concerning the inclusion or non­
inclusion of certain items like gifts, second hand goods, interest 
etc.
(4) Intra-period changes in the price structure.
This last measuring difficulty might well be the hardest to 
cope with: changes in prices within the year present statisticans with
the same index problem that will be described later in more detail.
II. Pricing distortions due to extraneous circumstances
These distortions are due to the market situation, the state 
of competition and the amount of government interference. They also 
impair the welfare content of GNP and, as such, they could be integrated 
in the more theoretical discussion of the welfare content of the aggregate 
monetary measures. However, as the concept of GNP depends upon purchases 
in free markets with uniform prices, if all the prices were distorted,
GNP would lose all meaning. Hence these pricing distortions will be 
considered in our study as measurement errors independent of the concept 
of GNP itself.
(1) Market imperfections.
Prices are distorted by three sources of market imperfections: 
(i) the costs of transportation; (ii) the lack of perfect knowledge, 
and (iii) the existence of monopolies, oligopolies, cartels or more
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generally any situation that does not involve a large number of sellers 
dealing on the market place with a large number of buyers.
(2) Interventions by governments.
Interventions by governments have two distinct characteristics:
(a) First, governments intervene at times seeking to remove distortions 
which may exist in the pricing system. However, governments do not 
limit themselves to this short of intervention. For a variety of reasons 
they tax and subsidise consumers and producers, fix prices, hoard resources 
etc.
(b) Second, no modern economy is purely capitalistic. Typically, 
governments own and operate large sectors of the economy and the size of 
such government-owned sector varies from country to country. These 
government-owned companies are operated in a socialistic way; that is, 
profit ceases to be the objective and these companies are often mono­
polistic. Moreover, this interference is usually concentrated in the 
area of the public services and thus cost pricing has to be used, which 
creates further inconsistencies in the pricing system.
All these distortions are present to a more or lesser degree 
in the calculation of GNP for each country and they introduce some 
imprecisions in international comparisons. Unfortunately they are not 
the only cause of difficulties, as international comparisons are plagued 
by their own specific distortion caused by the use of exchange rates, 
which compounds itself to the other inevitable difficulty in any com­
parison: the index problem.
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B
PROBLEMS OF COMPARING AGGREGATE REAL QUANTITIES
These problems of international or intertemporal comparisons 
will be classified into two categories. First, the basic theoretical 
problem stemming from any comparison of aggregate quantities, i.e., 
the so-called index problem, will be examined. Second, the existing 
price indices, exchange rate and purchasing power parity, will be examined 
in the light of this theoretical problem.
I. The theory of index numbers
The basic theory applies to either intertemporal or inter- 
spatial comparisons, but as our study is concerned with international 
comparisons, the theory will be presented in the latter form.
Furthermore the theory can be developed in the context of 
comparing the level of production or in the context of comparing the 
level of utility. However, as Fisher and Shell (1972) have noted the 
isomorphism of these two developments, it suffices to exposit the theory 
in the context of utility only.
(1) The problem.
The problem can be described in the following manner:
We want to compare the level of utility of two countries P and
R (where P denotes the poorer and R the richer country respectively)
from information about their consumptions represented by their respective
quantity vectors and Qr, and by the corresponding price vectors P^ 
rand P . Since the quantity vectors are not directly comparable, a 
consistent weighting scheme in the form of a price vector must be intro­
duced. A fundamental difficulty immediately appears; we have two
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different price vectors and no way to discriminate between them.1 We 
thus obtain two quantity indices corresponding to two price indices. 
They can be presented as the following fixed weight indices:
The fixed weight 
quantity index is:
shL wlth s
QrP
r or s = p
and
the fixed weight 
price index is: P
pV
PrQS
with s r or s P*
Using country P’s weights, s = p, yields Paasche-type indices. If we 
use country R's weights, s = r, we obtain Laspeyres-type indices.2
Should we favour the index based on P's weights or the index 
based on R’s weight or some average of the two? This is the familiar 
index problem stated in its simplest form.
However, the problem is more complex. Indeed the crucial 
point concerns the very existence of an invariant or exact index3 * and 
the next question arising inquires into the relative position of the 
Paasche and the Laspeyres indices vis-a-vis such an exact index, 
supposing it exists.
1 p rWe are assuming that the price vectors P and P are not proportional.
2 In intertemporal comparison, the index derived with the current
year’s weights is labelled Laspeyres and the index derived with the 
base year's weights is the Paasche. Since such distinction cannot 
unambiguously apply to inter-country comparisons, we will propose 
the following convention: Paasche will always correspond to the
index derived with the poorer country's weights, P's and Laspeyres 
to the index derived with the richer country's weights, R's.
3 The exact index is "the ratio of the cost of the cheapest bundle 
of goods at the price of the second situation which will yield
satisfaction equivalent to that of the initial situation to the
cost of the initial bundle at the initial price". [Samuelson (1947)].
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(2) Some basic theorems
The most comprehensive and recent treatments of these theoret­
ical problems have been developed by Samuelson and Swamy (197A), Afriat 
(1972), Fisher and Shell (1972), and Diewert (1976).
Their main findings, along with the necessary assumptions, 
will now be succinctly presented.
The existence of a social utility function (or social indiff­
erence map) defined for each country as a whole is assumed; furthermore 
this social utility function must be common to all the countries compared. 
Without these two assumptions, the comparison would become meaningless. 
Moreover the price and quantity data can become indicators of the level 
of utility only if the usual assumption that consumers behave so as to 
maximise the utility they attain from a given expenditure is accepted.
A first theorem establishes the duality of the price and of 
the quantity indices. A second theorem states that the condition 
necessary and sufficient for obtaining an invariant "price index or an 
invariant quantity index is the homotheticity of the utility function, 
i.e. all the income elasticities must be equal to one. A third theorem 
asserts that if the assumption of homotheticity is retained, the Paasche 
and the Laspeyres quantity indices provide respectively lower and upper 
bounds to this invariant or exact quantity index. (The converse holds 
with the price indices.) Furthermore, this unique index satisfies the 
well-known Fisher’s criteria.1
Finally, if the form of the utility function is specified by 
further restrictive assumptions, some well-known indices can become exact
1 The five Fisher’s criteria are: the general mean of price relative;
the time reversal test; the circular reversal test; the dimensional 
test and the factor reversal test.
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indices; for instance, the Fisher index1 corresponds to an homogenous 
quadratic utility function and the Palgrave index2 corresponds to a 
quantity function of the extended Cobb-Douglas form.
In conclusion, it is evident that the homotheticity assumption 
contradicts the empirical evidence offered by Engel’s Law. Hence 
recently Samuelson (1974) has studied the consequences of removing the 
homotheticity assumption.
(3) Consequence of non~homotheticity
If the assumption of homotheticity is relaxed, we must
distinguish between two groups of commodities, the necessities and the
luxuries as defined by Engel's Law.3 In this case, if we consider a non-
homothetic indifference map common to both countries, P and R, two
P rrespective quantity vectors Q and Q and two respective price vectors 
P rP and P , we will obtain an exact quantity index tt by comparing P to R 
using the prices of P as base and another exact quantity index p by using 
the prices of R as base. Furthermore, except in the situation where the 
two price vectors are identical,these two exact indices tt and p will not 
be equal.
1
FX
2
P? Q?Pk
i=l
As people or countries get richer, they allocate a greater proportion 
of their income to certain goods so-defined as luxuries and consequently 
a smaller proportion of their income to other goods so-defined as 
necessities.
3
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Furthermore, Samuelson shows that the relative position of
these two exact indices it and P depends upon the relative prices of the
P
necessities and the luxuries —  in the two countries compared. Indeed we*1
may accept either Gerschenkron's assumption, that the relative price of 
necessities is lower in the poorer country, or Balassa's assumption that 
the relative price of necessities is higher in the poorer country. Two 
cases are thus possible:
1st Case
So-called Engel-Gerschenkron Assumptions
Engel
Gerschenkron
QPPP r, Q Pn n
QPPP QrP
Pp Prn < n
hP hr
2nd Case
So-called Engel-Balassa Assumptions
Engel 
Balassa
In the first case, the Engel effect (decrease in the relative
need for necessities) and the Gerschenkron effect (an increase in the 
relative price of the necessities) reinforce each other, while, in the
second case, they tend to be offsetting. Hence two sub-cases appear:
the Engel effect dominates the Balassa effect or vice-versa.
Given this framework, Samuelson investigated the position of
the Paasche and of the Laspeyres indices, P and L, in relation to the two
same as above
exact indices, tt and p, already mentioned and his findings can be 
summarised in Table 2.1 (in the case of the quantity indices).
It becomes obvious that if the Engel-Gerschenkron assumption 
does not apply, non-homotheticity will therefore undermine the results 
of some purchasing power parity studies.
II. Some Existing Price Indices: Exchange Rate and Purchasing Power Parity
We have noted that an inescapable index number problem always 
exists when comparing the real income of two (or more) countries. The 
problem arises because of differences in the relative prices of the 
commodities within countries and it was discussed with no reference to 
and no need for exchange rates of any kind. Now the computation of any 
exact index, its bounds, or an approximation to it, entails complex 
calculations and requires much data on quantities and relative prices.
This has led some to seek a different route, utilising the fact that 
many commodities are traded internationally and that, therefore, their 
relative prices are linked.
If the two countries P and R belonged to a world where there 
were no barriers to trade whatsoever all the goods and services would be 
internationally tradeable and relative prices would be uniform through­
out the world. In such a hypothetical situation the rate of exchange, 
rx, could be used as an implicit price deflator in a short-cut approach 
to calculate the exact quantity index TT or p .
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where Y is the national income expressed in the local currency.
Unfortunately, for various reasons that we will study in a 
first section, it is often believed that the exchange rate has too many 
shortcomings to play the role of a satisfactory implicit price deflator. 
Consequently, the search for a better short-cut solution has concentrated
 ^The non-homothetic case only yields one exact indexcf. Table 2.1 case A.
Su
mm
ar
y 
of
 S
am
ue
ls
on
^s
 F
in
di
ng
s
21
A  Ö:o o
co Cd
A  <U•H  i—I
cd u
•H o
O  CO
(U *H <U O
CO cw H  r C  0)
m  cd -w m
W  IW WP O
V  CO CU
cd u
a) *h  a)
P = 7T7T =  Pco cd cd *h
CU PU
V  o
v  co cd
cd M
•U *H
•H  CO
CO -U o eo o a p
cu <ucu cu
•h  a) •H  CU•H (U
(U cm
22
on the purchasing power parity approaches. The development of the PPP 
as an implicit price deflator will thus be discussed in a second section.
(1) Exchange rate
(a) Discussion of the various problems
Exchange rates are supposed to be determined indirectly by the 
free interaction of supply and demand for internationally traded commod­
ities and services and directly by the consequent free interaction of 
the supply and demand for foreign currencies on the international money 
market. First, any intervention on the foreign exchange market like 
fixing the exchange rates, setting unrealistic pegs, or imposing a system 
of multiple exchange rates will cause the current exchange rate to diverge 
from the equilibrium exchange rate. Second, the equilibrium exchange 
rate is itself distorted by various interventions and interferences on 
the internationally traded commodity markets - for instance, quotas, 
custom duties, international cartels, etc. Third, transport costs are 
taken into account in the calculation of the exchange rate thus making 
it less fit to play the role of an implicit price deflator for quantity 
comparisons. Finally, the derivation of the exchange rate is based 
uniquely on the goods and services that are internationally traded.
These goods and services, also referred to as the tradeables (in contrast 
to the non-tradeables), form a non-representative sub-group of what enters 
national income and thus are not a satisfying sample in order to derive 
an implicit price deflator.
We must note that the nature of the first two sets of distor­
tions is rather different from the last two. The problems linked to the 
foreign exchange market and to the internationally traded commodity 
market could possibly be corrected while the problems linked to transport 
costs and the non-tradeables are definitely inter-connected and irrevers­
ibly inherent to the use of exchange rate as a price deflator. Hence
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exchange rates have often been rejected as an implicit price deflator 
in favour of another simplifying, however more cumbersome approach, the 
purchasing power parity, or PPP.
However, in view of our findings in Part II, a further distinc­
tion between the various distortions should now be proposed. Some 
distortions are independent of the level of income of the various countries 
and will be classified as random distortions while others are shown to 
vary with the level of income and they will be classified as systematic 
distortions. The first two distortions described above are likely to be 
random. We will present, subsequently, various studies establishing the 
existence of the systematic distortions. As a result of them, an 
empirical link between exchange rate and PPP will be demonstrated and 
the adjustment of exchange rate to serve as a better implicit price 
deflator will become possible. On the other hand, the random distortions 
can also be corrected or smoothened out with the help of some adequate 
statistical techniques.
We will first examine the methods and the literature involved 
in correcting the random distortions. Then we will turn our attention 
to the systematic ones.
(b) Literature correcting the random distortions
Some efforts have been made to correct the random distortions 
with the help of regression analysis. In an article in the Review of 
Income and Wealth3 Heston (1973) uses the experience of a large number 
of countries and 14 non-monetary indicators. By regressing exchange 
rate GNP against these non-monetary indicators, he offers a new estimate 
for GNP such that random statistical discrepancies due to the monetary 
errors of measurement are ironed out. However, he is not satisfied by 
his results as they are no substitute for the purchasing power parity 
approach and as the predictions for the poor countries lack precision.
It is obvious that, as his estimates are based on exchange
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rate GNP and not on purchasing power parity GNP, they will not reflect 
purchasing power parity GNP because the inherent weaknesses of exchange 
rate GNP are not taken into account (they will be described in the next 
section). In fact, Heston underestimates the value of this method in­
asmuch as he does not stress its role in correcting the statistical measure­
ment errors and in providing some estimates for the countries devoid of 
GNP data. We collaborated in the development of these methods in 1969 
at the University of Pennsylvania and we refuse to reject them as we 
believe that they fulfil an important purpose. Henoe in Part II of this 
study we plan to refine these methods in order to make their results 
more plausible and reliable.
(c) The systematic distortions
A number of empirical studies have searched for a systematic 
relation between the purchasing power parity and the rate of exchange.
PPP studies have often shown that exchange rate GNP usually under­
estimates the real situation of the poorer countries with respect to 
the richer countries, as the PPP almost always offer more favourable 
rates1 of conversion for the poorer countries than the current rate of 
exchange. For instance, in their study, Gilbert and Associates (1958) 
show that (with the exception of one country, France for the 1955 data 
only) the relation between the two purchasing power parities and exchange 
rate is always such that the exchange rate (in terms of the richer 
country's currency) is larger than the purchasing power parity derived 
with the quantity structure of the poorer country which is itself larger 
than the purchasing power parity derived with the quantity structure of 
the richer country. As far as the ECLA study (1966) study is concerned, 
the exchange rate is always larger than at least one, and often both, of 
the purchasing power parity indices. Finally, Usher's study (1968) also
1 As shown above, there are two purchasing power parity indices, P and L, 
corresponding to whichever price structure is chosen as model.
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shows an undervalued exchange rate for the Thai currency compared to 
either PPP ratios.
Consequently various authors have concluded that there might 
be some relation between the bias inflicted by the exchange rate and the 
level of income.
The first systematic study to identify and evaluate such a bias 
was made by Balassa (1964). He assumed that the ratio of PPP over ex­
change rate, rx, was an increasing function of income levels, i.e.
f (yX2) (for countries 1 and 2).
Using PPP results for 12 countries from various studies, (Gilbert and 
Kravis, Gilbert and Associates, Kravis and Davenport), he was able to 
obtain very significant results when he regressed the above ratio PPP/rx 
against the level of income y.
Similarly David (1974), using the same data as Balassa, but a 
slightly different specification for his equation, was also able to show 
a relationship between the magnitude of the bias and the real level of 
income of the different countries.
However, it seemed that such a relation could not be obtained 
if Balassa's equation was applied to the results of the ECLA studies. 
Fortunately, Clague and Tanzi (1972) were able to modify the specifica­
tion in such a way that a similar relation could be recovered.
Let us now study the reasons that the various authors offer as 
cause for such an undervaluation of the currency of the poorer countries.
All the authors quoted above agree on the basic distinction 
between two categories of goods: tradeables and non-tradeables.1
Obviously the tradeables constitute all the goods that are internationally
1 It must be noted that all international economists do not agree with 
this distinction and with the following arguments.
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exchanged while the non-tradeables include the goods the international 
trading of which would entail prohibitive transportation costs and 
obviously include most of the services. This last item probably repre­
sents the largest share of the non-tradeables.
Balassa makes the following two assumptions; the existence 
of only one limiting factor, labour, and constant input coefficients, as 
in the traditional Ricardian model. However, the rich country has an 
absolute advantage in the production of both tradeables and non-tradeables, 
but this advantage is relatively greater for the tradeables. Consequently, 
before trade takes place, the relative price level of the non-tradeables 
is greater in the rich country than in the poor country. Also, this 
relative price level is an increasing function of productivity. When 
trade takes place, the price level of the tradeables is equalised; 
however, provided there is no government intervention, the relative 
price level of the non-tradeables will remain greater in the richer 
countries.
Samuelson (1974) agrees with this framework and identifies 
the non-tradeables with the domestic goods and services that require a 
greater amount of labour and consequently do not benefit as much in the 
overall increase in productivity. He then points out that the rate of 
exchange reflects only the price level of the tradeables and will always 
exceed the purchasing power parity for the poor countries since the 
purchasing power parity also takes into account the lower price level 
of the non-tradeables.
David tries to refine Balassa1s approach and concludes that 
the real percentage gap between the PPP of each country and the US is 
only 4/9 of the percentage gap recorded between their exchange rate GNP. 
Balassa finds such conclusions too radical and a subsequent exchange of 
papers discusses the controversy.
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Finally, Clague and Tanzi inquire into the reasons why the 
above relations (Balassa’s and David’s) apply only to the developed 
countries. Subsequently they contribute to the general understanding 
of the exchange rate bias by noting that the non-tradeables are more 
skill-intensive while the tradeables are more resource-intensive; 
accordingly they develop a more sophisticated relation that applies in 
the case of the ECLA countries.
To support further the argument showing the existence of a 
systematic bias in exchange rate GNP vis-h-vis purchasing power parity 
GNP, we will mention some further causes for it noted by Usher (1968) 
and often prevalent in the underdeveloped countries. Internal prices 
converted into $ are temporarily low if a country has a high level of 
unemployment, a high density, an open economy and an undervalued or an 
equilibrium exchange rate. These are short term adjustment problems; 
the internal prices are forced down by the rising exchange rate resulting 
from foreign exchange scarcities and inevitable import constraints.
This last argument is more relevant to the dense underdeveloped countries 
and it describes the price differential between the countries as a 
temporary disequilibrium phenomenon.
(d) Summary
The fact that the exchange rate always offers an underestimated 
approximation for the internal PPP of currency has been demonstrated.
Then a relation between this downward bias and the level of income was 
revealed by various empirical studies. Finally a plausible explanation 
based on the theory was offered.
The existence of such a systematic bias will be useful later on 
to explain certain econometric problems occurring when exchange rate GNP 
is used as a dependent variable in cross-country regressions. Moreover, 
with the help of this systematic bias, we could possibly adjust the 
exchange rate and transform it into a better approximation of the internal
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PPP. However, the literature offering an exact correction formula is 
quite controversial. If such an approach is rejected, we are left with 
the painstaking task of calculating directly the internal PPP of 
currencies on the ground that such an index is necessarily superior to 
the exchange rate because its calculation is based on a more represent­
ative sample of goods and services.
(2) PPP
We will now present succinctly the best known PPP studies and 
describe the techniques involved. Then we will examine the PPP approach 
in the light of the theory developed in Section B, paragraph I.
(a) The main studies and the method
Although the concept of purchasing power parity (PPP) had been 
developed for a long time, the first extensive studies comparing GNP 
along these lines were sponsored by the OEEC which then became the OECD 
in the 1950's and were carried on by Gilbert and Kravis (1954) and by 
Gilbert and Associates (1958). Since then a number of similar studies 
have been performed by various authors; for instance, Usher (1968) com­
pared the UK and Thailand, Haig (1968) compared the UK and Australia, 
the ECLA1 (1964) compared the Latin-American countries and the US, etc. 
Finally, Kravis, Kenessey, Heston and Summers (1975) developed a more 
sophisticated version of PPP and applied it on 9 very different countries 
in their most recent experiment with PPP.
The aim of this method is to compare the real2 level of 
expenditure, or sometimes of production, and the real level of prices in 
several countries. The original method copes only with binary comparisons.
1 Economic Commission for Latin America, United Nations.
2 This body of literature always uses the term "real" with the meaning 
"deflated". cf. Ch. I, Section B, §11.
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The basic principles are quite similar to those underlying the 
comparison of GNP over several years for a country. Because of inflation 
and changes in the price structure, in order to compare real changes in 
output or in expenditures, one must devise a way to determine real prices 
or, more explicitly, one must value each item of total output with the 
same yardstick. When inter-country comparisons are concerned, the prob­
lems are even more acute because the price structure can be very different.
The Gilbert and Kravis approach consists of breaking down total 
GNP for two different countries into equivalent groups of products. Then 
within each group a certain number of items are selected. These items 
must be identical in the two countries, hence all sorts of difficulties 
related to quality differences arise. A distinction is drawn between 
economic (cost) differences that are measurable and non-economic differ­
ences (related to know-how or skill) that are not measurable.
The next step consists of gathering price or quantity data for 
these identical items. Here another question arises; should the factor 
costs or the market prices be chosen? It all depends upon the major 
concern: whether it is to obtain the relative real cost of production
or the relative real worth for the purchaser. Factor costs will corres­
pond to a relative productivity comparison, while market prices will 
correspond to a relative expenditure comparison. The OEEC studies of 
Gilbert and Kravis use the first valuation. Once the relative prices are 
gathered they are used in order to revalue the expenditures in each group 
of products in equivalent prices and then to aggregate them in comparable 
sums.
Obviously the two countries P and R produce or consume differ­
ent relative quantities and Qr and face different relative prices P^ 
and P . Hence the so-called index number problem is present.
We will obtain two values for the internal purchasing power 
parity of the two currencies according to which country’s quantities are
30
used as weights, i.e.
EP
EP
IPPQr
EPrQr
(Paasche) (Laspeyres)
and two values for the corresponding quantity comparisons according to 
which country’s relative prices are used as weights, i.e.
EQPPP
E(fpP
ZQPPr
EQrPr
(Paasche) (Laspeyres)
These two indices are often geometrically averaged to obtain the Fisher 
index.
Gilbert and Kravis affirm that the differences between the 
Paasche and the Laspeyres are not a consequence of a difference in the 
pattern of taste but are due to the fact that the countries compared 
experience different levels of development. They assume that as countries 
reach similar levels of real income, their price structure will become
similar. This is indeed a very bold but necessary statement.1
/
(b) Multilateral Comparisons
A serious limitation of the earlier PPP studies has been partly 
overcome in the last study by Kravis, Kenessey, Heston and Summers.
Indeed, the earlier attempts had to be restricted to binary comparisons; 
a country was chosen as a base to which the other countries were compared; 
then if the other countries were compared between themselves using the 
results yielded by their comparisons to the base country no consistency
1 This is more or less equivalent to stating that the two countries are 
at different levels of the same indifference map. cf. assumption 2,
p,16.
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was present, (i.e. Fisher’s circular test1 was not met).
In A System of International Comparisons of Gross Produet and 
Purchasing Power, Kravis et.al. affirm that they perform multilateral 
comparisons which are base-country invariant and which meet Fisher’s 
circular test. Their method named "country product dummy method" permits 
them to deal with missing price data at the most detailed level of the 
comparison and at the same time to incorporate in the study the informa­
tion carried by all the price data of all the countries. The method was 
developed by Summers (1973) who proves that the coefficients of the 
country dummies in a regression of the logarithms of all the available 
prices (P) against dummies for all the countries (X^ ,) except one and 
against dummies for all the items (Y^ ) in a specific category are the 
PPP relative to the country without dummy.2 Furthermore, he argues that 
PPP meets the requirements of country-base invariance, additive consist­
ency, the circular test and the factor reversal test. From an economet­
ric point of view, a rather abundant use of dummy variables is usually 
not advisable. In fact, a very similar problem had already been studied 
by Kloek and Theil (1965). They developed a method based on limited 
information theory and were able to construct a single comparable index 
of total expenditure for the six members of the European Coal and Steel 
Community. From a theoretical point of view, Summers’ method is 
questionable as it is replacing the missing price data for a certain
1 q(Q2»Q1) ^CQ-^Qq) = q(Q2,Q0) and
p(P2»Pi) p(Pr P0) = P(P2,P0) where q(Q2»Q1) is the quantity index
between country (or period) 2 and 1 and p(P2,P^ ) is the corresponding 
price index etc.
His equation is the following:
ln P 3, X + + 3aj 1 al n-1
n is number of countries, j =1, .. 
A is number of items, a = 1, .., A.
X -1 + Y-. Y .a,n-1 1 lj + y ay a . A Aj + v
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country by some average of the experience of all the other countries 
included in the comparison, thereby imposing on the country some hybrid 
foreign price structure. Hence we are back to the same basic theoretical 
criticism of overlooking the difference in taste.
(c) Extension of the PPP method with non-monetary indicators
We must note that the PPP approach was a monetary approach. 
However, an application of the PPP method using non-monetary indicators 
was developed by Beckerman (1966). This study is very similar to Heston’s 
(1973) and differs only in the following respect.1 The dependent 
variables used in the regressions are not exchange rate GNP, but are the 
’real consumption’ data estimated by various PPP studies. They are re­
gressed against several non-monetary indicators. Then the coefficients 
yielded by the multiple regression are used to predict 'real consumption’ 
for other countries on the basis of their scores on the selected non­
monetary indicators.
This method combines the monetary and the non-monetary approaches. 
However, the main problem faced by the author concerns the small number 
of existing purchasing power parity studies available at the time.
2These equations are based on the data for nine developed western countries 
plus four other observations for Japan, USSR, China and India. As these 
are mainly developed countries, the author does not have a very represent­
ative sample of countries in order to carry out predictions for a larger 
group of developed and less developed countries. Several equations also
Heston's method was discussed earlier.
2 Beckerman also uses for each country two observations corresponding 
to two different years but does not include a dummy in order to 
isolate the variations due to the time trend in the pooled regressions 
as he assumes that the observations are independent because they are 
five years apart.
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had to be derived in order to predict the level in various countries.
If PPP studies were available for a larger and more representative 
sample of countries, this method would offer a very valuable short-cut 
to the estimation of PPP consumption in various countries.
(d) Criticism of the PPP methods
The PPP methods can be criticised on two levels: first on
pragmatic grounds and second on theoretical grounds.
First, the PPP studies are very lengthy and expensive to 
undertake. They also involve a lot of corrections, adjustments, 
definitions that are judgmental and arbitrary. Hence there is room for 
a lot of personal bias, and the nationality of the investigator might be 
reflected in the choice of the basic basket of goods chosen.
However, these are not very serious shortcomings. On the other 
hand, the PPP methods face more ominous criticism on theoretical grounds. 
Indeed, it was shown that the PPP methods always yield Paasche-type and 
Laspeyres-type indices and the justification for presenting two such 
indices is as follows: the exact index is assumed to be bracketed by
them. Furthermore, some average of the two indices offers a sort of 
approximation to this exact index. Unfortunately it was shown in the 
section on the theory of index numbers that the Paasche and the 
Laspeyres quantity indices provides lower and upper bounds to the exact 
index only under very restrictive assumptions which were then spelled 
out. The question is now to appraise how realistic these assumptions 
are. Hence we will first discuss the likelihood of a common indifference 
map for all the countries and then raise the question of homotheticity 
of the utility function.
Common indifference map
An exact index exists only if the various countries have the 
same tastes, i.e. if they share the same indifference map or the same 
utility function: obviously they will reach different levels according
34
to their budget constraints and their relative prices.
This is a very restrictive assumption. Indeed, if we accept 
the existence of national tastes embedded in a national utility function, 
we know that the national tastes in the USA are very different from the 
national tastes in Mali; these two countries could not possibly share 
the same indifference map. Of course tastes might be similar in similar 
countries; for instance the EEC countries might have very resembling 
utility functions. So if we are comparing very similar countries, the 
assumption of a common indifference map for practical purposes should not 
distort the results too much. However, if we are comparing a whole range 
of countries from the very poor to the highly developed ones, the 
assumption becomes quite unrealistic.
Homotheticity of the utility function
Such a condition implies unit income elasticity for all goods 
as the budget constraint shifts upward, i.e. as income increases. More 
explicitly, it means that, when faced by the same relative prices, if 
the average citizen of a rich country consumes twice as much of any one 
commodity as the citizen of a poor country consumes, he will also 
choose to consume twice as much for instance of any other commodity; 
twice as much bread as well as twice as many cars etc.
Such a consumption pattern definitely goes against the 
empirical evidence given by the Engel’s curves. We know that, as people 
become richer, they consume relatively more of certain goods, so defined 
as luxuries, and relatively less of other goods, so defined as necessities. 
Since the Engel's path which shows all the points of tangency between 
the price lines and the various indifference curves as the budget con­
straint shifts to higher levels is not a straight line, this provides a 
strong hint for a tilted shape for the indifference map.
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Fortunately, Samuelson has also developed the theory in the 
case of non-homotheticity1 and we can thus relate it to the results of 
the PPP studies.
Non-homotheticity
As a consequence of the introduction of non-homotheticity, we 
believe that the assumption of a common indifference map for all 
countries becomes much more acceptable for the following reasons. It is 
now consistent with the actual pattern of consumption for the various 
countries ranked along their level of development. Thus Gilbert's and 
Kravis's statement that the various countries do not really exhibit 
difference in the pattern of taste, but represent different levels of 
development, becomes more sensible when the existence of luxuries and of 
necessities is acknowledged.
It would now be interesting to turn to some empirical studies 
and to examine them in the light of these findings. Unfortunately, a 
straightforward application of Samuelson's theory cannot be carried out 
unambiguously. Indeed, Samuelson's demonstration is based on two commod­
ities, one being a necessity and the other a luxury. When we consider 
actual inter-country comparisons, we have to classify the commodities 
into necessities and luxuries and weight them with their prices in order 
to obtain total expenditure on necessities and total expenditure on 
luxuries. First, an index problem immediately appears. Which price 
structure is relevant? Should we use each country's own prices? Secondly, 
commodities are usually classified into necessities and luxuries with 
the help of national surveys, i.e. with reference to the same group of 
people. In an article commemorating the centenary of Engel's Law}
1 See Table 2.1
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Houthakker (1957) presented a comparative study of household expenditure 
patterns for 25 different countries; however, all his elasticities 
were calculated from regressions based on national series.1 On the 
other hand, Samuelson's demonstration rests on a classification of the 
commodities into necessities and luxuries based on cross-country con­
sumption patterns. Since this does not refer to the same group of people, 
the meaning of such classification becomes somewhat different. What 
causes the tilt of the cross-country Engel’s path? The fact that some 
goods are necessities and others are luxuries for the various countries, 
(i.e. we assume one common indifference map for the various countries), 
or the fact that tastes are really different in different countries,
(i.e. we actually have a specific indifference map for each country but 
we are linking together along the Engel's path the respective indiffer­
ence curves where each country stands at this specific time). In Table 
2.2, we will present various necessities-luxuries classifications based 
on a number of national surveys and cross-country surveys. We will also 
refer to pure income elasticities when the price elasticities have been 
taken into account and to approximate income elasticities when the price 
effect has not been isolated.
The last major difficulty in applying Samuelson’s theory to 
empirical data is precisely linked to the above distinction between pure 
and approximate income elasticities. Indeed, as prices and income change 
simultaneously, it is very difficult to isolate the pure income effect.
As purchasing power parity studies have to collect price data, they are 
in a better position to value the pure income elasticities by also 
including prices as independent variables in their regressions. Unfort­
unately, with the exception of food and education, the two PPP studies 
included in the above table do not show much agreement.
1 Local consumer surveys etc.
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Table 2.2
Various Approximations of Income Elasticities
I. Houthakker - National Surveys of 25 Countries
Approximate Income Elasticities 
Low Average High
Income 
Inelastic:
Food .43 .57 .69
Housing
(incl. fuel and light) .48 .81 1.11
(not incl. furniture)
Income 
Elastic:
Clothing 1.05 1.31 1.77
Misc.
II. a) Gilbert and Associates b) Kravis, Kenessey et.al.
Cross country - 9 European 
countries and the USA
Cross country - 1 0  countries
Pure income Pure income
Elasticities Elasticities
Income Income
Inelastic: Inelastic:
Food .54 Food .63
alcohol, bev. .77 supply and opera- ^
tion of housing
tobacco .88 purchased transport .58
Clothing .84 Education .78
Housing .81 Income
purchase of trans- ^ Elastic:
port equipment meat 1.21
Education .75 beverage 1.18
Income tobacco 1.15
Elastic: Clothing 1.40
non-alcoholic bev. 1.13 Housing (rent and .
footwear 1.01 fuel) i* J
furniture 2.10 house furnishings 1.12
fuel and light 1.19 purchase of trans-  ^
port equipment
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Table 2.2 (Cont’d)
Income 
Inelastic:
III. Present Study
Cross country - 37 countries at various levels 
of development
Approximate income elasticities of non­
monetary indicators
Food (various calories and proteins indicators)
Housing (various housing indicators)
Clothing (textile consumption in kg.)
E ducation
Income 
Elastic:
(various education indicators)
Rest (all the other indicators)
Source: Houthakker, H.S., "An International Comparison of Household
Expenditure Patterns, Commemorating the Centenary of Engel’s 
Law", Econometrica3 Vol.25, No.4, October 1957.
OEEC: M. Gilbert and Associates, Comparative National 
Products and Prices Levels: A Study of Western Europe and
the United States (Paris: Organization for European
Economic Cooperation, 1958).
Kravis, I.B., Z. Kenessey, A. Heston, R. Summers, et.al 
A System of International Comparisons of Gross Product and 
Purchasing Power_, published for the World Bank (The Johns 
Hopkins University Press, Baltimore and London) 1975.
Present study
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In the light of these troublesome difficulties, it seems that the 
examinations of empirical data from PPP studies in order to determine 
which one of the five cases presented in Table 2.1 is relevant, will not 
yield very precise or definite results. However, we thought that, if we 
could find some indication about the relative prices of the necessities 
with respect to the luxuries, we could still make some inferences about 
the role of the Paasche and the Laspeyres quantity indices as bounds for 
the exact indices.
(3) Examination of some empirical studies
We will consider successively Gilbert and Associates OEEC Study 
(1952), the ECLA Study (1966) and Usher’s Thai-British comparison (1968).
(a) The OEEC Study
In order to classify the various expenditures into necessities 
and luxuries, we will choose the breakdown offered in Table 2.2 (Ila), as this 
breakdown is precisely based on the same OEEC data. Accordingly, we will 
consider as expenditures on necessities, the expenditures on food (with 
the exception of the non-alcoholic beverages), clothing (with the excep­
tion of footwear), housing, purchase of transport equipment and education. 
Alcoholic beverages and tobacco will not be included although their income 
elasticity was less than one as a rather low coefficient of correlation 
makes such results dubious.
In the UK, the average price level of these items is lower than 
in the US; we can thus conclude that we are in the presence of Case I of 
Samuelson's theory (see Table 2.1), and that the Laspeyres and the Paasche 
provide respectively upper and lower bounds to the exact quantity indices.
The same pattern can be found in the case of all the other countries in 
the study with the exception of two, Belgium and the Netherlands. We 
will now consider these more carefully.
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If we study carefully Table 22 and Table 23 (p.75 and p.76) of 
the OEEC Study, there are some indications that the average price of 
necessities is higher in Belgium and in the Netherlands than in the USA. 
Indeed, with the US price weights, it would cost $637 to buy the mix of 
necessities consumed by the average American; the same mix of necessities 
would cost $657 if weighted by Belgium prices and $648 if weighted by 
Dutch prices.1 To corroborate these results we examined the mix of 
necessities consumed by the average Belgian and the mix consumed by the 
average Dutchman. With its own price weights, the Belgian spends $346 
on necessities, i.e. 46 per cent of his per capita GNP and, with the US 
price weights, he spends $438 on the same amount of necessities, i.e. 42 
per cent of his per capita GNP. Although the Paasche quantity index is 
smaller than the Laspeyres, these percentages provide a further indication 
that the average price level of the necessities is higher in Belgium.
The same holds for the Netherlands as the average Dutchman spends $368 
or 39 per cent of his per capita GNP on his own mix of necessities weighted 
at US prices, and $268 or 40 per cent of his per capita GNP on the same 
mix weighted at Dutch prices.
As Belgium and the Netherlands belong, like the USA, to the 
group of highly developed countries, they have rather similar consumption 
patterns. Thus it would not be unrealistic to assume that the angle made 
by the cross-country Engel’s path and a straight line joining the origin 
to the equilibrium of the poorer country (Belgium or the Netherlands) is 
very acute (see Graph 2.1a) and that the likelihood that the US equilib­
rium point takes place above this straight line is quite high.2 Indeed,
1 Including alcoholic beverages and tobacco among the necessities would 
not alter these results.
2 It is difficult to show mathematically if the US actually lies above 
this straight line because all the figures available are in the form 
of Paasche or Laspeyres indices; such data do not take into account 
the substitution effect that takes place in the US, whereas more 
necessities will be consumed as the relative price of the necessities 
is lower.
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Graph 2.1
Case IICase
Case I
D and R are two similar and developed countries
(b)
Case III
Case II
Case I
Engel’
P is an underdeveloped country and R is a developed 
country
cf. Samuelson’s Graph in (1974), (Fig.2, p.607).
curve
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this is corroborated by the fact that the Laspeyres quantity index is 
higher than the Paasche quantity index. In conclusion, there is a strong 
possibility that the Belgium-US comparison and the Netherlands-US com­
parison correspond to Case III of Table 2.1, when the Paasche and the 
Laspeyres quantity indices do not provide respectively lower and upper 
bounds to the exact quantity indices.
(b) The ECLA Study
The ECLA Study, The Measurement of Latin America Real Income 
in US Dollars offers a very unusual result: the various Latin American
countries fare better when their per capita GNP is weighted with their 
own prices (Paasche) than when it is weighted with US prices (Laspeyres). 
The authors notice such an anomaly and propose the following explanation: 
'the strong inverse correlation between prices charged 
and quantities consumed ... leads to a great amount of 
substitution of dearer for cheaper goods'.
Such a statement is not quite sufficient because it does not 
stress which goods are dearer and which goods are cheaper. Indeed, 
according to Samuelson's theory, a situation where the Paasche quantity 
index is greater than the Laspeyres quantity index can only correspond to 
Case II of Table 2.1, i.e. the relative price of the necessities is 
higher in the poorer countries, but the so-called income effect is greater 
than the price effect and the equilibrium point of the richer country is 
situated inside the angle formed by the cross-country Engel's path and 
the straight line joining the origin to the poorer country's equilibrium. 
Such a situation is more likely to appear in the comparison between the 
US and the Latin-American countries than between the US and Western 
European countries. Indeed, the US and the Latin-American countries 
represent very different levels of development and the slope of the cross­
country Engel's path is much smaller, thus creating a much wider angle 
that makes Case II of Table 2.1 more likely. (See Graph 2.1b).
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We must now examine the data to find if any indication about 
the relative price of the necessities can be unveiled. Unfortunately, 
in the study mentioned above, the breakdown of the main expenditure is 
not fine enough to distinguish between necessities and luxuries. However, 
this study is partly based on A Measurement of Price Levels and the 
Purchasing Power of Currencies in Latin America 1960-1962, (E/CN.12/653); 
excerpts from this last study are also published in the Economic Bulletin 
for Latin America, (Vol. VIII, No.l, March 1963). In this study the 
comparison is carried on between seven Latin-American cities, Buenos Aires, 
Rio De Janeiro, Santiago de Chile, Mexico City, Lima, Montevideo, Caracas, 
and an average of two American cities, Los Angeles and Houston. Further­
more, the results are restricted to purchasing power parity comparisons 
of an average Latin-American basket of goods thus yielding solely Paasche- 
type price indices.
A further problem arises because the data are always presented
in the form of indices relative to a base city. However, it seems that
it is possible to construct relative price levels for the two relevant
categories, necessities and luxuries, P /P-, , and these price levels wouldn 1
still be indexed to a relative price level of 1 in the base city. Hence 
to compare the relative price level, P^/P^, eac^ city we wi H  choose 
the data of Table 23, Part b of the excerpts entitled 'Inter City 
Differences in Price Level at Free Market Exchange Rate', where all the 
prices are indexed to an average price of 100 for each item in Los Angeles- 
Houston. Total expenditures are broken down into consumption expenditures 
and fixed investments (government is not included); consumption is rep­
resented by eight broad categories: food, beverages, tobacco, clothing
and textile, housing transport and communications, personal care and 
recreation, while fixed investment is represented by three broad categor­
ies: construction, producers' equipment and transport equipment.
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We will assume that food, clothing and housing represent the 
inelastic categories. The average price index of these three categories 
can be roughly constructed as a weighted average (according to their 
local importance) of the three respective prices indices. Then we will 
compare this price level to the average price level of total expenditures. 
As it is in all cases higher, this can be interpreted as an indication 
that the average price level of the necessities is higher in each Latin- 
American city than in the US where P^/P^ = 1. If clothing is excluded 
from the category of inelastic goods, these results stand only for four 
countries, but we are aware that these conclusions may not be extremely 
accurate in the light of all the difficulties already stressed. Indeed, 
we can infer only that since the Paasche quantity index is greater than 
the Laspeyres quantity index for all the Latin-American countries and 
since there is some indication that the relative price of the necessities 
in seven Latin-American cities might be higher than in two US cities, 
the US-Latin-American comparison could correspond to Case II of Table 2.1, 
where the exact indices provide the upper and the lower bounds to the 
Paasche and the Laspeyres quantity indices.
(c) Usher's study
Finally we inspected Usher's data which yielded a Laspeyres 
quantity index greater than the Paasche in the comparison between Thailand 
and the UK. In some way, these were the most comprehensive data for our 
experiments as the price data in both countries were reported.
However, whether the relative price level of the necessities 
(food, clothing and housing) was weighted with a basket of goods repres­
enting Thai or British consumption, it was lower in Thailand than in the
UK which is quite consistent with the results L >P and thus thisq q
corresponds straightforwardly to Case I of Table 2,1, where the Paasche 
and Laspeyres quantity indices provide respectively lower and upper bounds 
to the exact quantity indices.
T Laspeyres quantity index greater than Paasche's.
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C4) Conclusions on the PPP approach
The results of the very rough examinations of former studies 
show that it is important to know something about the directions of 
change of the relative prices of the necessities, and about the variations 
in the pattern of consumption before one can draw straightforward 
conclusions about the role of the Paasche and the Laspeyres indices as 
lower or upper bounds to some exact indices. In summary, it becomes 
clear that, from a theoretical point of view, the index number problem 
causes the international comparison of monetary aggregates to be rather 
imprecise and questionable.
CHAPTER III
REAL EXPENDITURE AND WELFARE : PROBLEMS OF MEASUREMENT
AND OF MEANING
The last chapter was concerned with problems of measurement 
and problems of comparability of aggregate monetary quantities. Among 
all these difficulties, the index number problem appeared to be the 
worst one. In this chapter, we will ignore these problems and focus on 
aggregate expenditure and its relation to welfare. A number of questions 
will be raised and these will be classified into two main sections. In 
the first section, the concept of a measure of aggregate welfare will be 
studied; in the second section, the problem of what should be included 
in a measure of aggregate welfare will be discussed.
A
MEASURABILITY OF A CHANGE IN AGGREGATE WELFARE
In the case of one individual consumer, preference theory 
provides a framework to appraise whether his economic welfare has improved 
or deteriorated in response to a given change. Unfortunately, if we want 
to measure the overall welfare of more than one individual, or if we want 
to be able to observe an unambiguous increase or decrease in this overall 
measure of welfare, we will be faced with very complex difficulties.
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These questions have been examined at great length in welfare economics 
and we will present the main theoretical findings. Some attempts to 
integrate these welfare concerns in the empirical literature will then 
be discussed.
I. Discussion of the New Economic Welfare Issues
We will now investigate if a change in overall welfare can be 
measured at all by some aggregate indicator. More specifically, if we 
assume that the aggregate indicator is national income measured as EPQ, 
does an increase in this measure imply an increase in social welfare?
An increase in national income usually results in improvement 
for some and deterioration for others as the structure of prices and the 
structure of the distribution of income will be affected. How will total 
welfare be affected? How can we weight the gains of some against the 
losses of others?
Roughly speaking, social welfare should contain an evaluation 
of the welfare of all the individuals in the society. It is only under 
very specific and narrow conditions that the welfare of every individual 
can be summed up in order to form a social welfare function. Unfortunate 
ly, in the real world, the task of weighting the welfare of the various 
individuals to perform any comparisons or summation is doomed as individ­
ual welfare is a highly subjective concept. As a result, if we assume a 
given amount of social welfare, there is only one seemingly unambiguous 
case in which we can say there has been an increase : the welfare of at
least one individual has increased while the welfare of the others have 
remained stationary (nobody has incurred a decrease in welfare). This is 
of course the traditional Pareto criterion for an improvement in social 
welfare. Unfortunately this yields only a partial ordering.
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Cl) The Compensation Principle
Kaldor (1939) and Hicks (1939) have separately suggested 
further criteria of comparisons, known as the compensation principle.
It must first be noted that they hold only under the assumption of con­
stant tastes. As stressed by Hicks,'it is only under this assumption 
[of constant wants] that quantitative comparisons are possible.'
These criteria are based on the assumption of unlimited and 
costless lump-sum compensations. If two situations are to be compared, 
an initial situation 1 with income EP^Q^, and a new situation 2 with 
income ^2^2* according to Hicks, we can state that situation 2 is no 
worse than situation 1 if the gainers cannot be bribed by the losers to 
give up the change, Hicks actually compares situation 2 to situation 1 
using the prices of situation 2 : i.e. if ^2^2 > ^2^1* s^tuat -^on 2
represents a welfare improvement over situation 1. The Kaldor criterion 
is symmetrical to Hicks' and states that if the gainers can bribe the 
losers into making the change from 1 to 2, we will experience an overall 
welfare improvement when EP.^ > It: must be noted that these
criteria are measures of potential welfare.
However, it was soon shown by Scitovsky (1941) that either of 
these two compensation principles taken separately could lead to some 
contradiction; that is, both situations could be preferred to each other 
(the criteria are not asymmetric). Hence, Scitovsky recommended combining 
the two criteria. Unfortunately, this does not solve the problem for as 
shown by Samuelson (1950), the Scitovsky double criterion may result in 
intransitivity.
In order to illustrate these problems, Samuelson introduced the 
concept of utility possibility frontier defined as the locus of Pareto 
optima, given a fixed aggregate EPQ, for every possible distribution; 
this curve or n-dimensional plane measures the ordinal level of utility 
for each of the n individuals corresponding to various distribution of
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income. Hence there will be a utility possibility frontier corresponding 
to 1 and another one corresponding to 2. So Hicks was comparing a given 
point on the utility possibility frontier of 2 and the whole utility 
possibility frontier of 1, while Kaldor was comparing a given point on 
the utility possibility frontier of 1 and the whole utility possibility 
frontier of 2; Scitovsky was performing these two comparisons success­
ively. However, a basic difficulty remains because there is no reason 
at all why the two utility possibility frontiers should not cross hence 
introducing the possibility of non-asymmetry to the hypothetical compari­
sons .
In conclusion, the welfare economists had to adopt a much more 
stringent criterion, the Samuelson criterion, stating that there is an 
unobjectionable increase in welfare only when the entire utility possib­
ility frontier shifts outwards, i.e. there is no intersection of the old 
and the new utility possibility frontier.
(2) The Assumptions Supporting a Concept of Real Expenditure as a 
Measure of Actual Social Welfare
This new criterion, although theoretically very sound, was, due 
to its cumbersome nature, rather impractical.1 Furthermore, it did not 
solve the problem whether the compensation should actually be paid. If 
so, there would be special costs incurred due to the redistribution itself 
and to the creation of new inefficiencies. To deal with this, Samuelson 
developed the concept of a utility feasibility frontier lying inside the 
utility possibility frontier and tangent to the utility possibility 
frontier at the present point of laissez-faire.
In contrast to these problems, the Hicks criterion (comparing 
EP2 Q2  and E?2 Q^) has a definite advantage in making actual welfare 
comparisons. As far as the measurement of welfare is concerned, it seems
1 It can be characterised in terms of set inclusions but this approach 
is limited.
to offer an improvement over the usual concept of deflated GNP. It 
differs from it in three respects:
(i) it relates to private consumables;1
(ii) it uses consumer prices and not producer prices or 
factor costs;
(iii) it calls for present prices, not base period prices, i.e. 
it is a backward or Paasche index.
Although Samuelson pointed out that its welfare implication is 
strictly limited to only the immediate neighbourhood of the actual 
position, the possibility of salvaging this concept and of giving it a 
wider scope has been considered by others in the literature.
Indeed, Chipman and Moore in two basic articles (1973a, 1973b) 
and Ohyama (1972) have presented a more rigorous treatment of the prob­
lems involved in the compensation principle in the context of a competi­
tive general equilibrium, and they were thus able to draw more definite 
conclusions to the problem of valuation of real income.
In the context of a competitive equilibrium model, Chipman and 
Moore show that, unless preference were identical and homothetic, policy 
decisions based on the Hicks criterion could prove unsupportable. These 
are indeed very strong and limiting assumptions. However, it turns out 
that Hicks’ compensation principle could be lent some support from a 
completely different angle. The assumption then needed are much weaker:
free disposability, non-satiation, no external economies of diseconomies 
(and no transport costs). Given these assumptions, Chipman and Moore,
and Ohyama in the context of a competitive equilibrium, prove that, if
the redistribution of income is controlled by lump-sum redistributive
measures so that welfare is maximised according to a given social welfare
function, the Hicks criterion can be interpreted as a measure of actual
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1 One might attempt to include public goods.
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social welfare.1
Ohyama gives a final, but conditional, support to the Hicks 
criterion by stating that 'a policy change is beneficial if it brings 
about an increase in the aggregate real income in the so-called Paasche 
backward index for all relevant distributions.’ Of course, the problems 
raised in this last sentence can be solved only if we assume the exist­
ence of a social indifference map with surfaces strongly convex towards 
the origin or if we assume homogeneous utility functions of the first 
degree.
In conclusion, overall welfare comparisons can be carried out 
under two completely different sets of assumptions. First, if everybody 
has similar and homothetic tastes, a social utility function can be 
defined regardless of the state of distribution; in this case there is 
a direct link between income and welfare comparisons. However, this is 
very unrealistic and welfare economists have found it more palatable to 
assume the existence of a well-behaved social welfare function strongly 
convex and possessing the property of cardinality (to counteract the 
conclusions of Arrow’s impossibility theorem (1951)) and, as Chipman and 
Moore pointed out, the compensation principle thus becomes more suitable 
in the case of a collectivist economy rather than in the case of a laissez 
faire one.
The previous discussion presented the notion of hypothetical 
and costless lump-sum compensations to assess any improvement in social 
welfare. However, we stressed that if these compensations were actually 
paid, some costs would be incurred and would have to be taken into account
Similarly, it is frequently taken for granted that a more 
equal distribution of income increases social welfare.2 But carrying out
1 These ideas were also developed by Samuelson (1956).
2 The welfare economic foundation for this is questionable; it 
originated with Bentham's additive social utility function.
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an actual redistribution would be costly as we would be moving along the 
utility feasibility frontier and not along the utopian utility possibility 
frontier. We also know that it is likely that the gap between the two 
curves will increase as we travel further from the original equilibrium 
point where the two curves are tangent. So if there was some way to 
value in terms of income the increase in welfare that could be gained by 
a redistribution towards greater equality, the net result of any such 
policy could be estimated beforehand.
II. The Measurement of Inequality
Atkinson (1970) undertook to measure the gross increase in 
welfare (excluding the cost of an actual redistribution) that a country 
would sustain if its income was perfectly equally distributed across 
its population. This can conversely be regarded as the loss in welfare 
due to inequality. Atkinson approached this problem in a rigorous manner: 
he developed an index of inequality based on sounder theory than the 
traditional indices (Gini etc.); he also showed that the traditional 
indices of inequality were often based on questionable assumptions.
The level of inequality of the income distribution can be 
illustrated by a Lorenz curve which shows the proportion of total income 
received by the bottom x per cent of the population. First, Atkinson 
points out that any measure of inequality assumes implicitly a specific 
form for the social welfare function. If the assumptions about the 
social welfare function are limited to the case of increasing and strictly 
concave utility functions, an invariant ranking of the distributions is 
possible only if the Lorenz curves do not intersect. Hence, in order to 
obtain a ranking of the distributions, and in order to measure the degree 
of inequality, some stronger assumptions regarding the form of the wel­
fare function must be made.
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He demonstrates that the assumptions underlying the traditional 
measures of inequality are not always satisfactory; for instance, the 
Gini and Standard Deviation measures attach more or less weights to 
transfers at various income level; the Variance implies increasing 
diminishing marginal utility of income; the Relative Mean Deviation is 
not sensitive to transfers on the same side of the mean.
Consequently, it would be more logical first, to specify a 
reasonable social welfare function and, then, to develop the correspond­
ing inequality index. Hence he chooses a symmetrical and homothetic 
function, which is additively separable in individual income, as the 
invariance to proportional shifts (a property possessed by such a function) 
is a desirable quality. He then defines his inequality index in the 
following manner: if the distribution of income was perfectly equal what
would be the level of per capita income (ede = equally distributed
equivalent) required to sustain the same level of social welfare as the 
one actually enjoyed with the current distribution. If the average per
capita income currently attained is p, the Atkinson measure of inequality
Yedeis represented by I = 1 - — ——  and it varies between 0 for perfect 
equality and 1 for perfect inequality.1
This index has two desirable features; it is based on explicit 
assumptions and it permits us to assess directly the potential welfare 
gains of a redistribution and to weigh them against the costs.
Ill. Various Attempts to Introduce Welfare Concerns in PPP Studies
Some efforts have been made to include welfare concerns in two 
PPP studies by Usher (1968) and by Gleason (1961). Instead of imposing
1
1 =  1
^ 7 °
ixl-e fCyt)
\l/Cl-e)
e is a parameter measuring the degree of inequality aversion and f(y.) 
is the density associated with the income level y. .
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routinely the price structure of country A on country B and vice-versa 
in order to obtain the two usual indices, these two authors have tried 
to adapt the PPP method in an attempt to integrate some welfare notions, 
or in order to take into account the various differences in needs of the 
two different countries being compared. In the first study, Usher com­
pares the UK and Thailand, while in the second, Gleason compares the US 
and Japan.
Usher constructed a measure of real income which is closer to
the traditional concept of welfare we have been discussing. Probably
influenced by the Hicksian measure, he argues that the Thai real income
measured by British standards in £ (i.e. IP Q ) is a measure of economicUK 1
welfare in Thailand.1 He bases this statement on the fact that the level 
of prices of the necessities is depressed relatively to the level of 
prices of the luxuries in Thailand, hence this results in an under­
valuation of the Thai real income in Thai prices (as the Thais consume 
relatively more necessities). Unfortunately, the Hicksian concept of 
welfare is based on the assumption of similar tastes and thus cannot 
safely be applied to different countries. As we have also already noted 
in discussing international comparisons, the concepts of Paasche and 
Laspeyres become interchangeable according to the point of reference 
chosen, and Beckerman (1966) noted that Usher's point could be made in 
either direction. However, one must credit Usher for using consumer 
prices rather than factor costs in the comparison, thereby bringing it 
one step closer to the concept of welfare.
The other study by Gleason (1961) is based on a more complex 
application of the PPP method taking into account the notion of need if 
not of taste. Instead of comparing the same bundle of goods, he chooses
1 Note that in his view, the British prices are the equivalent of the 
current prices (in the Hicksian analysis) and should thus be used as 
base in welfare comparison.
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to compare two bundles of goods, A and B, corresponding to the social 
adequacy level in each country (1 and 2) and the purchasing power parity 
ratio is derived as the ratio of the price of buying bundle A in country 
1 to the price of buying bundle B in country 2, We must stress that 
bundle A is different from bundle B. However, these two bundles have one 
thing in common; they represent the social adequacy level in their res­
pective countries. The social adequacy level is the "money cost required 
to maintain a family at a level of adequate living".1 For certain goods, 
this level is determined by various scientific standards when they are 
available (calories etc.). For other goods, if standards are not avail­
able, it is conceived as the level where 'a peak in the income elasticity 
coefficient is reached1. By using a combination of these methods, a 
bundle of goods can be determined for each country.
In fact, the comparison is not based on an average budget, but 
on a concept of minimum requirement budget. Hence all the goods included 
are necessities and form a non-representative sub-group. Furthermore, 
the point of inflexion (the peak mentioned above) is not at all stable; 
it is highly dependent on the demonstration effect as countries influence 
each other in their pattern of consumption. Moreover, the existence of 
a point of inflexion is questionable and fitting an appropriate curve to 
find it may impose too many constraints on the relation.
Gleason does not follow previous writers who estimate the 
overall internal relative purchasing power of two currencies. Instead, 
he estimates the internal relative purchasing power parity of the two 
currencies for families on a minimum adequate level of living. In this 
respect the study is quite original. But unfortunately, the distribution 
of income is thus ignored. For instance, in country 1, there might be
1 This concept was first defined by the Bureau of Labour Statistics 
which developed it in greater detail.
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a much greater proportion of families above this level than in country
2.
In conclusion, these two attempts to include welfare concerns 
in the traditional PPP methods were not entirely successful. Thus it 
seems that we should approach the problem of welfare comparisons from a 
different angle. Specifically, we should be concerned with the follow­
ing question: what are the items and concepts that should be included
in economic welfare that are not taken into account in GNP? This is a 
very important problem. However, we must note that it pertains to an 
entirely different set of concerns from those we have been discussing.
But even if an answer can be provided to this new question, it will still 
not solve the formidable difficulties of finding a satisfactory theoret­
ical solution for comparing social welfare. Accordingly, for the 
remainder of the thesis, we will follow Sen’s (1973) example. As
"The advantage of sticking to the same price vector in making 
comparisons is considerable, and indeed the rationale of national 
income comparisons based on the ’revealed preference’ literature 
makes explicit use of comparisons at constant price. While this 
rationale makes extremely little sense when we move from one- 
person cases to many-person comparisons, as with national income 
contrasts, this constancy of weights can be taken to be an 
important characteristic of the national income indicators.
In this paper, we shall stick to this restriction, which itself 
rules out any pretence that the income indicators to be proposed 
here will in general be adequate measures of social welfare.”
B
EXISTING MONETARY AGGREGATES VERSUS WELFARE 
ITEMS AND CONCEPTS INCLUDED
The most commonly used among the existing monetary aggregates 
is Gross National Income (GNP) and its slight variant Gross Domestic 
Product (GDP).1 These aggregates are defined rigorously by the UN in
1 The distinction between these two aggregates has been spelled out in 
Chapter I,
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such a manner that every country can offer consistent series in current 
prices. Furthermore, as their names indicate, GNP or GDP are -production 
indicators as distinct from the measures or indicators discussed in 
Section A which all relate to expenditure on consumables, and which enter 
as arguments of the individual consumer’s utility functions. Consequently, 
GNP or GDP cannot serve as adequate indicators of welfare.
However, the inconsistencies between GNP/GDP and welfare may 
not be insurmountable if we consider a different interpretation of GNP/
GDP. In Chapter II Section A, these concepts were presented, as a result 
of double-entry accounting, from two perspectives : as a flow of products
or as a flow of earnings. Hence GNP or GDP at market prices can also be 
categorized as measures of gross aggregate expenditure and could be 
respectively renamed Gross National Expenditure (GNE) or Gross Domestic 
Expenditure (GDE). As, in the empirical part of the thesis, GDP at 
Purchasers' Values will be the main monetary aggregate experimented upon, 
and as it will be interpreted as an indicator of gross aggregate expend­
iture, we will, in the future, refer chiefly to GDE.1
A first difficulty immediately appears: even if we know
specifically what GDE (as it is strictly defined in A System of National 
Accounting (1968)) includes, this is not so for welfare. The decision 
of what to include in a social welfare function is thus a rather subject­
ive one. However, the various concepts of welfare can be ranked in an 
increasing order of generality. We propose three main concepts:
Ci) purely economic welfare characterised by a social
welfare function including only items that could be 
valued in terms of money;
1 Of course, as we noted in Chapter II, the equivalence between GDP and 
GDE holds only in current prices, not in constant prices.
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Cii) socio-economic welfare characterised by a social welfare 
function including "economic" and non-"economic" items 
that can be quantified (in a monetary or in a non­
monetary manner);
Ciii) qualitative welfare characterised by a social welfare 
function including also non-quantifiable items (e.g. 
happiness).
Thus we will carry out a comparison of GDE and welfare in this order.
I. GDE Versus Economic Welfare
The various differences between GDE and economic welfare that 
could eventually be quantified in terms of money will now be described. 
Also, the efforts made in the literature to transform GDE into an 
indicator of economic welfare, by including or excluding certain items, 
by using more consistent valuation, and by reclassifying certain groups, 
will be presented.
(1) The items and concepts relevant to economic welfare that could he 
valued in terms of money.
First, a number of goods and services that do not yield a 
price on the market place are excluded from GDE. They range from home­
grown vegetables to housewives' services. Furthermore, the size of this 
barter and home-consumption economy varies among countries and is usually 
greater for poorer countries; in any event, its value can be estimated 
(imputed) for each country. Second, the items entering GDE are not all 
valued consistently. While most goods and services are included at 
market prices, the public goods and services are usually included at 
factor costs and therefore their impact may be underestimated. Third, 
as mentioned in Chapter I and in Section A above, economic welfare refers 
strictly to expenditures on private consumables. Hence, any expenditures
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on intermediate goods and services included in GDE and all investment 
expenditure represent a divergence between GDE and economic welfare. To 
transform GDE into an indicator of welfare, these items should thus be 
reclassified and eventually revalued.
Indeed, certain items treated as expenditures on final goods 
and services in GDE are actually costs. For instance, the expenditures 
on police or defence, included as a public service in GDE, are really 
costs of maintaining peace. The same argument could apply to health 
expenditure which can be interpreted as the cost of reaching high life 
expectancy rates and low mortality rates. Finally, depreciation is 
obviously a cost. Another group of items which should be included in a 
measure of economic welfare as cost or as benefit and which are ignored 
are the negative or positive externalities. The deterioration of the level 
of living due to industralisation is not properly taken into account by 
GDE. Moreover, when such concerns are included in GDE, it is usually 
done incorrectly; for instance, if the task of cleaning up pollution is 
left to the government, it is reckoned as a final expenditure, whereas 
it should be treated as a cost.
Furthermore, as noted in Chapter I, investment goods can be 
included in a measure of economic welfare only in the form of the dis­
counted value of the flow of goods and services they will produce during 
their life-time. This is obviously a major discrepancy between economic 
welfare and GDE, which includes gross investment. Similarly, a number of 
items included in GDE as final consumption expenditures should be reclass­
ified as investments, and treated likewise. First, consumer durables 
should really be considered as investments because their life span is 
greater than a year (or unit of accounting). Second, education and health 
expenditures are often considered as investment in human capital; however,
this is a controversial issue.
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(2) Methods valuing and integrating these items or concepts into a 
monetary aggregate.
The most famous study valuing and integrating various items 
and concepts of economic welfare into a monetary aggregate is the one 
undertaken for the USA by Nordhaus and Tobin (1972). The main line of 
argument is as follows: If growth is measured in terms of an increase in
GNP only, its harmful effects may not be revealed. In fact, welfare might 
even be deteriorating without our awareness. Hence the concept of GNP 
should be amended in order to take into account various quantifiable 
factors that affect the general level of welfare. A similar point of view 
has been expressed by A.K. Sen (1973). We will now survey these two 
pioneering studies.
Sen's approach is to supplement the traditional national income 
measures with various partial indicators. Aware of the intricacies of 
the index number problem, he admits that the new indicators cannot be 
adequate measures of social welfare. However, within a simplifying frame­
work, he shows how some important modifications of the national income 
weighting scheme could produce important improvements by stressing under­
rated considerations or by downplaying overrated ones. He focuses on 
five main considerations and proposes specific ways to deal with them.
The five topics covered are: military and policing expenditures, environ­
ment and exhaustible resources, saving valuation, life expectation, and 
inequality and income distribution. However, Sen devotes almost his 
entire attention to expositing the methods he develops to modify the 
usual national income measures to take account of these five factors.
The only application presented is an attempt to take into account life 
expectancy concerns for 27 countries.1
He actually weights "the GNP per head by the expectation of life 
compared with a standard longevity assumption."
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Nordhaus and Tobin, on the other hand, although they do not include the 
last two concerns in their study, carry out much more detailed empirical 
development limited however to one country, the USA. They aim at trans­
forming GNP into a more welfare-oriented measure, the MEW (Measure of 
Economic Welfare), by correcting certain valuations, including certain 
new items and reclassifying certain groups. Then, the effects of economic 
growth on the depletion of the natural resources and the specific case 
of economic growth with zero population growth are also surveyed.
The authors' initial task was to reclassify GNP final expend­
itures and this gave rise to a number of difficult and controversial 
issues. The first problem was to group government purchases into inter­
mediate and final items. Furthermore, a number of other controversial 
decisions had to be made; e.g. they chose to treat consumer durables 
as capital investment; similarly education and health expenditure, both 
public and private were reclassified as capital investment. As their 
approach is growth-oriented, they took into account as costs the growth 
requirements needed to sustain the same per capita consumption assuming 
a certain rate of technological progress. Finally, they reclassified a 
number of instrumental outlays that fulfil intermediate, rather than 
final, consumption needs. They excluded defence expenditure and police 
outlays as being "regrettable outlays" and not adding to welfare.
Their second task was to impute values to a number of final 
goods and services not included in GNP. In the same manner as rent is 
imputed on owner-occupied homes, they allowed rent imputation for consumer 
durables (now included in capital goods) and for other public investments. 
Leisure and non-market activities,mainly housewives' services, were also 
taken into account in the new measure.
Finally, they undertook to impute some values to various nega­
tive externalities in order to substract them from this measure. As many 
of these externalities are linked to urbanisation and congestion, they
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used the differential between urban and rural earnings to evaluate the 
disamenities of urbanisation.
This study, the first of its kind, is extremely valuable for 
several reasons. It develops a method which permits one to appreciate 
the real effect of growth on the public and not only on the productive 
capacity of a country; it also relates growth to the stock of natural 
resources and to population increase. However, the greatest contribution 
of this study is to develop actual techniques to quantify a number of 
concepts and items linked to the general welfare and otherwise ignored 
by the traditional national accounting methods. These techniques might 
be crude or one may not agree on some specific assumptions, as a certain 
amount of personal judgment has to enter into each imputation. However, 
these criticisms do not deny the great value of the study as many re­
finements can readily be applied to it.
The only additional remarks we will make are the following.
It was stated at the beginning of this chapter that income and welfare 
could depart from each other on two levels; on the theoretical level of 
valuation and on the level of the inclusion of the goods and services. 
Evidently Nordhaus and Tobin apply themselves to solving the second set 
of problems only and they do not choose to include any distributional 
concerns.
Nordhaus and Tobin performed their welfare corrections for the 
US, and thereby inspired other economists to develop and apply similar 
techniques to different countries; see e.g. a study by the Economic 
Council of Japan (1973) and a study by Gillin (1974) for Australia.
The concept of MEW, so far applied only to individual countries, 
can eventually be extended for purposes of making international compari­
sons. To do so, MEW would have to be strictly defined by an international 
agency and then each country would have to adjust its GNP into a MEW 
according to the standard guidelines internationally agreed upon. Such
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an undertaking, although time consuming, is not impossible, But as MEW 
is a monetary measure, if we want to transform it into an internationally 
comparable indicator, all the problems linked with exchange rates or 
purchasing power parity will still be present. However, in Part II we 
will show that some of the difficulties introduced by exchange rate con­
versions could be avoided by a non-monetary approach and of course, as 
many authors do, we can always ignore the worst theoretical difficulties 
by assuming the existence of a social welfare function. In Part III of 
this thesis we will thus try to integrate some of the Nordhaus and Tobin 
ideas into a non-monetary approach in order to perform international wel­
fare comparisons. Moreover, we will be able to integrate additional 
concerns that are quantifiable in a non-monetary manner only.
To summarise, this section has dealt with the limited concept 
of economic welfare implying the possibility of valuing everything in 
terms of money. However, many authors have adopted a much wider and 
general definition of welfare and have criticised national accounts for 
not embodying these concepts. We will now exposit these criticisms and 
in the next chapter describe the attempts made by various authors to 
measure a wider interpretation of welfare that we have called socio­
economic .
II. GDE versus socio-economic welfare
A number of concepts which are deemed quite important in a 
rather popular view of welfare fall in the classification of socio­
economic concerns. They can sometimes be translated into monetary values, 
but such transformations are usually cumbersome, indirect, and hence 
often inexact. These socio-economic concepts are usually quantifiable 
more directly in a demographic form and such evaluation is thus much 
more reliable, A large body of welfare concerns is thus available 
quantitatively in the form of demographic indicators; for instance
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health, education, labour conditions etc. Other welfare concerns are 
quantifiable in number of units and it would be very difficult to assign 
a price for such units. For instance, some might be of the opinion that 
the average daily intake of calories and proteins is a better welfare 
indicator for nutrition than the average expenditure on food; as there 
is no market price for calories, they would have to use these indicators 
in their physical or non-monetary form.
In fact, many authors believe that, for most of the socio­
economic indicators, the non-monetary or physical form is much superior 
to the monetary form. A large body of literature concerned with the task 
of identifying and aggregating such non-monetary indicators has thus 
emerged. The first section of the next chapter will be devoted to the 
presentation and to the discussion of this non-monetary literature.
Ill, GDE versus qualitative welfare
Finally, there are a number of sociological and political con­
cerns like racism, individual freedom, etc. which do not lend themselves 
readily to quantification. Attempts to give a score to the degree of 
intensity of such concerns are most subjective. Moreover, the philosoph­
ical aspects of welfare like happiness, pleasure, religious satisfaction, 
etc. can only be appraised in a qualitative manner. In our study, we will 
thus avoid including any of these non-quantifiable aspects of welfare 
and we will restrict ourselves to a socio-economic and quantifiable (in 
a monetary or in a non-monetary way) definition of welfare. In the second 
section of the next chapter, we will thus present the non-monetary and 
quantifiable socio-economic indicators along with the purely economic 
indicators themselves in a physical or non-monetary form.
In conclusion, if we ignore the theoretical dilemma described 
in the first section of this chapter, or if we circumvent them by assuming 
the existence of a well-behaved social welfare function, the disparities
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between some existing national accounting aggregate that we will inter­
pret as Gross Domestic Expenditure and the narrowest concept of welfare 
that we will call economic welfare can not only be isolated, but they can 
also be valued in monetary terms. Thus it is possible to transform 
empirically a national income aggregate into a measure of economic wel­
fare. The last part of our thesis will be based on such premises.
C H A P T E R  IV
THE N O N -MON ETARY APPROACHES 
TO AGG R E G A T E  S O C I O - E CONOM IC M EA SURE MENTS
In the last two chapters, the serious practical and theoretical 
difficulties of making international comparisons with aggregate monetary 
magnitudes were discussed at length. It emerged that the use of prices 
as weights to combine the physical magnitude of various goods and ser­
vices consumed or produced in a country was at the roots of many of these 
problems. As a result of these difficulties a number of authors have 
tried non-monetary approaches. These approaches are characterised by 
the rejection of price as a common unit of measurement. Instead, non­
monetary indicators measured in physical units are combined together into 
a single composite index for making international or intertemporal com­
parisons.
Another obvious difference between the monetary and the non­
monetary approaches is a question of inclusion. First, in the monetary 
approach, all the marketable goods and services that enter into national 
income type measure can be included, while in the non-monetary approach 
only a small selection of relevant indicators will be aggregated. Second, 
the monetary approach is limited to produced and marketable goods and 
services, so-called economic goods and services (limited amount of
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imputations are also possible), while the non-monetary approach can intro­
duce a number of socio-economic concerns which are somehow quantifiable 
but not in terms of money (or if a monetary value can be imputed, it is 
usually not very satisfactory). Such concerns as the degree of urban­
isation, the level of pollution etc. which are generally recognised as 
factors that should be taken into account in international economic com­
parisons have to be ignored for lack of proper monetary valuation.
In consequence, if the non-monetary approach is adopted, three 
main tasks must be undertaken. The first concerns the choice of a 
limited number of non-monetary indicators to serve as samples for all 
goods and services. The second task is the development of a method to 
combine these non-monetary indicators expressed in various units (usually 
non-additive between themselves) into a composite index for making inter­
national or intertemporal comparisons. The basic principle is to use 
various statistical techniques for summarising the data. Such methods, 
often quite sophisticated, have been developed and applied to this prob­
lem. The third task, in some way the most basic one, is to clarify the 
purpose that such composite indices of non-monetary indicators might 
serve. The purpose for which any index is developed will influence the 
choice of the non-monetary indicators and the way they are to be combined. 
Consequently, the various attempts in the literature to develop composite 
indices with non-monetary indicators will be classified according to 
their purposes. They will be grouped under two main broad headings;
(a) welfare and level of living, and (b) growth and development, and 
reviewed in the first section of this chapter. Finally, the second 
section will be devoted to a presentation of the non-monetary indicators 
and to a brief description of the methods to be developed in Part II and
in Part III of this thesis.
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A
VARIOUS NON-MONETARY APPROACHES DEVELOPED IN THE LITERATURE
The various non-monetary methods will be classified according 
to their aims, i.e. according to the aggregate index of measurement the 
various authors plan to build. We will see that the methods used are 
more or less sophisticated depending upon whether the authors choose 
between rather simple weighting schemes or more refined statistical 
approaches. However, unlike Beckerman (1966), we will not criticise 
these authors on any theoretical grounds as they undertake these studies 
precisely because they are aware of the shortcomings of the traditional 
theory. (cf. Chapters II and III.)
I. Welfare and level of living
IndeeU, in the realm of the non-monetary methods, we felt free 
to include any study measuring consumption or measuring the so-called 
level of living in the widest sense of welfare.
One of the earliest attempts to aggregate a series of non­
monetary indicators was performed by Bennett (1951). He carefully chooses 
16 non-monetary indicators representing the level of consumption of 31 
countries. He then translates the score for each country on each indica­
tor in index form1 and then aggregates for each country the 16 scores by 
summing them up. Aware that weighting each indicator equally could be 
criticised, he tries another arbitrary form of weighting and finds little 
difference in the results. Although this method will now be considered 
as rather crude and non-rigorous, it must be credited with pioneering the 
field. The following studies will basically add various refinements that
1 He assigned 100 to the country with the highest score and ranked the 
other countries proportionately along the scale.
69
will make them seem less arbitrary.
In constructing an index of the level of living for 88 
countries, Niewiaroski (1965) distinguishes between the economic and 
the social indicators adding a new dimension to Bennett's approach. He 
then chooses to use a purely statistical technique in order to derive 
the weights for his 14 indicators. His weights can still be criticised 
for being arbitrary but not for being subjective as Bennett's. Although 
he uses the terminology of factor analysis, it seems that his index of 
level of living is basically the first principal component extracted 
from his 14 standardised variables.
Cseh-Szombathy (1962) adds a further refinement to the choice 
of the indicators representing levels of living. He suggests to break 
down the level of living into its main components, food, health, etc., 
and then to choose a few indicators representing each one of these 
categories. This is indeed a more systematic approach to the crucial 
choice of the indicators and one can draw on the work done by the UN on 
Level of Living (1954, 1961).
More sophisticated approaches were developed later on. Under 
the auspices of the United Nations Research Institute for Social Develop­
ment, (UNRISD) a team of economists and statisticians undertook a study 
entitled Contents and Measurement of Socio-economic Development (1970), 
for 115 developed and underdeveloped countries. Although this is basic­
ally an attempt to compare the level of development of various countries, 
the resulting index can also be considered as an index of the relative 
level of living of the various countries, as most of the 18 indicators 
included also reflect level of living considerations. This study was 
carried out in a very thorough manner. The authors choose very carefully 
73 social, demographic and economic indicators. In order to emphasise 
their developmental concerns, these indicators are also broken down into 
developmental and structural ones. The original pool of indicators is
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then reduced to 18 indicators according to strict criteria (for instance 
they eliminate indicators with low correlations with others or over­
lapping with others). Then they develop a method to derive "correspon­
dence charts" and to construct the "best fitting curves" for those 18 
very highly correlated indicators to which they added GNP, the only 
monetary indicator. Finally, they compute a general index of development 
by alloting to each indicator a weight equal to its average coefficients 
of correlation with each of the other indicators. This is obviously a 
simplified approach to multivariate analysis. They had rejected the 
use of regression analysis because it implies some causality and they 
had rejected the use of principal components or factor analysis for 
the two following reasons. First, they thought that no factor analysis 
programme could handle missing data and second, they wanted to use their 
judgment at the different stages of the selection to exclude any indi­
cators (as overlapping for instance). However, we will see later that 
principal component analysis can be carried out with an incomplete data 
matrix, and also that weighting with the average coefficient of correl­
ation is very germane to using the weights yielded by a principal compon­
ent analysis carried on a correlation matrix. In conclusion, their 
best fitting line does not have statistical properties of the regression 
approach such as unbiased efficient estimates of parameters.
II. Development and growth
Although the UNRISD study might have been classified in this 
section, we believe that the two studies by Adelman and Morris that we 
will now describe, offer a slightly more dynamic approach to the problem.
In a book, Society3 Politics and Economic Development (1967), 
these two authors developed a number of development indicators that they
use in two articles we will discuss.
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In their first study (1965), they want to analyse the inter­
dependence of economic and non-economic factors in development. They use 
74 less-developed countries and 22 social, economic and political indica­
tors. They allot an ordinal score for each country on each indicator.
Then they apply the methods of factor analysis to these indicators and 
GNP and extract four factors explaining 66% of the intercountry variations 
in per capita GNP. They identify the factors as socio-cultural concomm- 
itant of the industrialisation and urbanisation process, westernisation 
of the political institutions, character of leadership and social tension. 
They also apply the same method to geographical sub-groups and find only 
slight differences with the main study.
In their second study (1968), they intend to group 73 less- 
developed countries according to their level of development. They use as 
original criteria the rate of growth of per capita GNP to perform a 
preliminary classification into 3 groups then they apply a discriminant 
analysis to 29 social, economic and political indicators, in order to 
select the indicators that add most to the explanation of the variance 
between group means given the other variables already included. Thus 
they obtain a discriminant function of four variables; improvement in 
effectiveness of financial institutions; improvement in physical over­
head capital; degree of modernisation of outlook and leadership and 
commitment to development, which permits them to regroup the countries 
and to classify those left unclassified.
The main feature of these studies rests on the indicators 
chosen. They are complex indicators often based on judgmental elements.
As a consequence, they can usually only be given ordinal score. The first 
study yields four rather vague socio-political factors. Similarly, 
the second study results in a discriminant function of four of the most 
complex and most judgmental of those variables.
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Rayner (1970) made a thorough criticism of the methods involved; 
he points out a certain irrationality in using GNP as one of the variables 
in the factor analysis study if GNP is to be explained. In effect, factor 
analysis treats all variables equally and does not preclude any causality 
like regression analysis. Rayner also notes that, in the discriminant 
analysis study, Alderman and Morris first group the indicators according 
to a certain success criterion, the rate of growth of GNP, so this may 
influence their conclusions when they regroup the countries with the 
discriminant function.
In a more recent development oriented study, two authors,
Takamori and Yamashita (1973) plan to construct several composite indica­
tors reflecting different dimensions of socio-economic development and to 
assign scores on these indicators for each country. The study is based 
on the assumption that development is an overall process of social changes 
all going in the same direction, but at different paces according to the 
different stages of development. They choose 45 monetary and non-monetary 
indicators and break down their 79 countries into 2 groups of developed 
and underdeveloped countries. Then they perform a factor analysis for 
each group of countries in order to identify categories of indicators 
representing certain socio-economic concepts. Once a category is branded, 
a separate principal component analysis is performed on these indicators 
only in order to build an index for this socio-economic concept. These 
variables are then excluded from the total pool of indicators and the 
whole process is repeated until they finally identify 6 categories; 
economic activity; standard of living; cultural level; industrialisation; 
urbanisation and agricultural proportion. They also use as a criteria the 
correlation between GNP and the indicators. It is not clear why they do 
not use methods of discriminant analysis and why they go to so much 
trouble to achieve a rather obvious grouping. This study demonstrates 
the pitfalls of the methods of multivariate analysis which will always
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yield the preconceived results if it is fed and set up accordingly.
Finally, their analysis of the various countries scores on the 6 indices 
based on a straightforward principal component analysis, is much more 
commendable than the grouping method.
Divatia and Bhatt’s study Q.969) is the only non-monetary pro­
ject concerned with inter-temporal considerations, rather than performing 
cross-country comparisons. Also, unlike the authors just quoted in the 
development section, Divatia and Bhatt are perfectly aware of the short­
comings and of the limitations of the multivariate analysis method they 
choose to use. Their purpose is to correct the general rate of growth 
of the Indian economy as measured by the rate of growth of per capita GNP. 
They affirm that this rate does not represent the real nor the potential 
rate of growth of the economy because of the presence of many disturbing 
factors related to development which blunt the image. Consequently, they 
want to determine the rate of growth of the sectors which are the determ­
inants of development, as they argue that this is where growth is most 
crucial. They carefully identify these sectors as entrepreneurial/ 
managerial ability, capital, skills, employment of labour and technical 
change. They choose 21 monetary and non-monetary indicators representative 
of these sectors. Although they plan to study only changes in stocks, 
the availability of such indicators is so scarce that they have to include 
changes in flows too. They apply factor analysis to a time series (10 
years) of these 21 indicators (standardised) in order to obtain the weights. 
As a result, the first factor, identified as an index of growth, explains a 
very high proportion of the total variance. However, as they planned to 
obtain only one factor they might as well have used the slightly more 
straightforward technique of principal component analysis. By weighting 
the standardised indicators by the factor loadings or weights obtained, 
they get a yearly score and can compute the average rate of growth of this
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index over the 10 years. They conclude that the rate of growth on this 
index is twice as high as the rate of growth of GNP. However, from a 
purely mathematical point of view, such conclusions would seem to be 
unwarranted, as one cannot construct an index of growth with a factor or 
a principal component, as these are essentially relative measures.
Divatia and Bhatt’s study can be regarded as one of the most interesting 
attempts to aggregate non-monetary indicators for a definite purpose.
The last two studies that we will now briefly describe are 
interesting for their methods, but they are really only on the borderline 
of economics.
A study by a geographer, Berry (I960), represents the first 
application of factor analysis to non-monetary indicators, but was over­
looked by most economists as it was published in a collection of geograph­
ical essays. It is an attempt to identify and differentiate the under­
developed countries using a sample of 95 developed and underdeveloped 
countries. Berry extracts out of 43 economic, social and demographic 
indicators (mainly non-monetary) three main factors, a technological scale, 
a demographic scale incorporating features of population pressure and a 
group of poor trading nations,which permit him to find patterns and 
similarities between groups of countries.1 It is a descriptive approach 
with no ambition to explain purely economic facts.
Finally, a study by Harbison and Marhunic (1970) must be men­
tioned as it introduces a rather unusual technique, the taxonomic method, 
which was developed by a group of Polish mathematicians. The authors' 
aim is to classify and rank 112 countries on the basis of 40 economic, 
social, human resource and health indicators. In some way, each country
11 With the help of a discriminant function, he also inquires into the 
existence of regional underdevelopment and finally, with the help of 
regression analysis, he tests simple hypothesis concerning some 
characteristics of the underdeveloped countries.
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is defined uniquely in an n-dimensional space by the difference between 
its score for each indicator and the scores of an ideal country defined 
as having the highest scores on each indicator. This method provides 
a single ranking for any number of indicators. It is also possible to 
derive the shortest distance between countries and to link them. Groups 
of countries with similar characteristics can then be determined.
This method can also be extended to derive targets for development and 
to predict missing scores for a country by using the indicator of 
its closest country. This is a purely descriptive method based on no 
economics. Consequently, the applications mentioned above are 
questionable.
In conclusion, the main aspect that links these studies to­
gether is their use of non-monetary indicators to measure some aggregate 
index with economic overtones. We will now present the non-monetary 
indicators and briefly discuss our main designs for them.
B
THE NON-MONETARY INDICATORS
A large body of literature has relied on non-monetary indicators 
(NMI) to measure various economic or socio-economic concepts. Simultan­
eously, a number of studies have undertaken to compile and discuss exist­
ing NMI or even to construct new NMI. For instance, the literature 
surveyed in the preceding chapter is indebted to two early studies by 
the UN on Level of Living (1954, 1961). These studies assert that "inter­
national comparisons of level of living can be made only if certain values 
are adopted which are assumed to be the same for all individuals or to 
differ in some known way". Thus the aim is to assemble a number of
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indicators which comply with the above statement,
The authors of these UN studies recommend 12 main components
of the level of living. These include:
Health
Food
Education
Conditions of work
Employment situation
Aggregate consumption and savings
Transport
Housing
Clothing
Recreation and entertainment 
Social security 
Human freedom.
Of course they are quite aware of the difficulties of finding 
NMI for all these components; however, whenever it is possible, they 
suggest a corresponding list of NMI.
This is obviously a very disaggregated approach, in contrast to 
the GNP approach. It gives a picture of the parts and not of the whole 
as the authors do not develop any method of aggregation. However, the 
merit of these studies resides in the discussion of the various components 
of the level of living and of their relation to the available NMI.
More recently, the OECD have undertaken a listing of social 
concerns to its members (1972). Eight major components,
Health
Individual development through learning 
Employment and quality of working life 
Time and leisure 
Command over goods and services 
Physical environment
Personal safety and the administration of justice 
Man’s place in society
are broken down into 24 more specific points. However, the difficulty 
obviously resides in trying to fit existing NMI to these concerns.
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The UN and the'OECD choose a logical approach to the choice of 
the indicators. First they identify the broad components of the concept 
to be measured; they then try to find indicators representing these com­
ponents. However, two problems are always present: a certain amount of
subjectivity is inescapable and the existence of directly representative 
indicators is not obvious.
Some of the problems linked to the NMI are discussed in detail 
in a collection of essays edited by Baster (1972). This book contains a 
very interesting discussion on the measurement of various socio-economic 
concepts and on various NMI. Among them, we must mention two studies, one 
by Drewnowsky (1972) on social and welfare indicators, and the other by 
McGranahan (1972) on development indicators, that provide very useful 
insights about the NMI.
As the NMI forms the basic raw material for the present study, 
a more formal presentation of such indicators is in order. The sources, 
the area of choice, the criteria of choice, the various classifications 
and the possible forms of the individual NMI will be discussed successive­
ly.
I. Sources
In addition to the various UN Yearbooks, we must mention two 
compiled surveys of NMI. One by Russett et.at. (1964) offers a compre­
hensive listing of political and social indicators and the other by Taylor 
and Hudson (1972), besides compiling various economic, political and 
social indicators, also develops some method of aggregation. Both studies 
were originated at Yale. We must also note the work achieved by Adelman 
and Morris (1967) in creating various indicators of social and political 
aspects and in using surveys and questionaires to allocate scores for 
these indicators in various developed and less developed countries.
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However, we are not specifically interested in including polit­
ical considerations in our study, as there is no obvious connection 
between them and the economic aspects. Moreover, we are planning to 
include certain social aspects only inasmuch as they are directly related 
to economic considerations. For instance, education is a social factor 
that has obvious economic aspects. Indeed, it is included in GNP in the 
form of various monetary indicators (as expenditures on education etc.). 
Hence it must also be integrated in our study in the form of various non­
monetary indicators (as demographic indicators of enrolment etc.). How­
ever, social aspects lacking any obvious economic counterpart or reper­
cussions are of no interest to us (for instance, dressing habits or 
social manners).
Consequently, our main sources of indicators will be the 
various UN organisations. FAO,1 UNESCO,2 WHO,3 and ILO4 publish yearly 
handbooks of statistics and the Statistical Office of the United Nations 
publishes a general yearbook in the Department of Economic and Social 
Affairs, and a demographic one. The other sources we are using will be 
quoted along with the description of the corresponding indicator. The 
indicators considered classified by categories and by sources are presen­
ted in Table 4.1. Finally, any new NMI constructed in this study is 
based on some of the above statistics.
1 Food and Agriculture Oganisation.
2 United Nations Educational, Scientific and Cultural Organisation.
3 World Health Organisation.
4 International Labour Organisation.
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II, Area of Choice
The various UN and related yearbooks provide an abundance of 
material, hence some approach had to be devised to select and classify 
it. The logical sequence is to decide on our aims and then to gather 
a pool of related non-monetary indicators. As we have indicated in the 
preceding chapters, we are planning
(1) to build an index of Gross Domestic Expenditure (GDE)
and
(2) to build an index of socio-economic welfare (SEW). 
Following the literature, we thus have to identify the main components 
of gross domestic expenditure and of welfare in order to choose the 
relevant indicators.
Two remarks are in order. First, some of the components of 
Gross Domestic Expenditure and some of the components of socio-economic 
welfare might be similar. Hence, some indicators might have a dual role 
as indicators of Gross Domestic Expenditure and as indicators of socio­
economic welfare. The second point concerns the existence of a benchmark 
against which to test the indicators. GDP can be considered as a rough 
indicator of Gross Domestic Expenditure but there is no satisfactory 
index of socio-economic welfare in the national accounts.
As a result of the close conceptual relation between Gross 
Domestic Expenditure and a number of variants categorised as national 
accounts, we can safely borrow our components for Gross Domestic Expend­
iture in the classification suggested in A System of National Account 
(SNA) recommended by the UN. Thus when,applying various criteria dis­
cussed later on,we pick a selected array of NMI from Table 4.1, we will 
present them in Table 4.2 in accordance with the SNA classification. 
Unfortunately, as there is no close indicator of welfare in the national 
accounts, fewer existing guidelines will be present to help us construct 
our index of socio-economic welfare. A greater amount of subjectivity
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will thus be inevitable when we decide upon the main components of socio­
economic welfare and when we draw the relevant indicators from the 
original pool and create new indicators to construct our new pool of 
indicators of socio-economic welfare. These specific problems will be 
discussed in Chapter IX.
However, at this point we must present and discuss the general 
criteria applied to reject those indicators judged unsuitable in order to re­
duce Table 4.1 into Table 4.2. We will also describe a preliminary experi­
ment performed in all the NMI.
Ill. Criteria of goodness and preliminary experiment
The three obvious criteria are availability, reliability and 
universality.
The first criteria, availability, belongs to a purely practical 
level. Hence, we will only use the data published in the form of inter­
national series and which are readily available. We do not plan to com­
pile any country-by-country statistics,as such a procedure would be too 
time-consuming.
The data presents various degrees of reliability. Indeed, we 
will find that the quality of the data varies, (a) according to the nature 
of the indicators: indeed, yearly production indicators are, as a whole,
more reliable than social indicators compiled every few years (literacy 
for instance). The quality also varies (b) according to the countries: 
certain countries have been compiling data for generations while other 
countries are just beginning to gather data for certain series. As a 
whole, less developed countries and recently independent countries (the 
two categories often overlap) are less likely to offer reliable statistics 
than the developed countries for a number of reasons: the high cost of
gathering statistics, the need for a more structured economy and also the 
fact that former colonies did not always need to develop their own indep-
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endent statistics.1
As we are planning to perforin international comparisons with 
as large a group of countries as possible, the requirement of universality 
is essential. We aim at gathering an optimal group of indicators corres­
ponding to an optimal group of countries. Thus, we will reject some 
indicators, the series of which are too incomplete, and we will reject 
some countries that do not have scores for enough indicators. Inevitably, 
a lot of personal judgment will have to be exercised in obtaining this 
optimal mix.
A specific problem created by this criterion must be mentioned. 
In the case of incomplete series, the less developed countries as a 
group are more likely to have missing data for reasons similar to those 
causing unreliability. Such missing data correspond to three possibili­
ties; (i) the data are unknown, (2) the score is so small that it is 
not worth reporting it, or (3) the good does not exist in the country, 
but is not recorded as zero. As we never know which of these three 
cases is the relevant one, it is quite awkward to predict some score in 
order to fill the empty case. Hence, for the sake of accuracy, we must 
avoid choosing indicators presenting too many missing data.
Such policy unfortunately creates another problem. Indeed, 
the less developed countries are more likely to present good series for 
indicators of necessities than for indicators of luxuries. Obviously, 
case 2 and 3 mentioned above will happen more often in the case of 
luxuries. Hence, if we try to avoid biases due to very incomplete 
series in the less developed counties, we will run the risk of originat­
ing in our sample biases due to a greater selection of indicators 
representing necessities than representing luxuries.
The three criteria of availability, reliability and
1 The converse is sometimes true.
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universality will thus be applied to our indicators and we will reject 
any indicator that does not meet our standards. In this manner, Table 4.1 
will be reduced to Table 4.2.
A preliminary experiment will be applied to all these indicat­
ors. We will calculate the coefficient of correlation and study the 
relation between GDP and all the non-monetary indicators. (These results 
are also presented in Table 4.2.) To do so, we will run single regressions 
between GDP and each NMI. Although the direction of the causality between 
the two is not obvious, for the sake of consistency, GDP will always play 
the role of the dependent variable. As we search for the best relation 
between GDP and the NMI, we will experiment with 11 different forms of 
functions (linear, log-log, semi-log, exponential, and various quadratic 
and cubic) and we will retain the best one. These regressions are pres­
ented in Appendix I. However, the results of this experiment will have 
to be interpreted with great care. In the case of an indicator for Gross 
Domestic Expenditure, a high coefficient of correlation might give us 
some useful indication as we have noted the close kinship between GDE and 
the various National Accounts aggregates. Conversely, in the case of the 
indicators of welfare, the shape of the relation becomes the more relevant 
piece of information; in fact, we will consider GDP as a sort of instru­
mental variable that helps us extrapolate the form of the relation between 
the indicators of welfare themselves. These important issues will be 
elaborated upon in greater detail in Parts II and III.
IV. Classification
Finally, in order to strike a satisfactory balance when choosing 
the indicators for the final samples, the NMI will be rigorously classic 
fied according to their nature. We will just note here some examples of 
such classification and mention that they obviously often overlap.
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There are many ways of classifying the various indicators.
We could distinguish between goods and services, consumption and 
investment, intermediate and final expenditures, public and private 
expenditures, stocks and flows, capacity and utilisation etc. We will 
also stress the differences between economic, social and demographic 
indicators. However, it must be noted that
(1) many social indicators are presented in a demographic 
form, and
(2) when the indicators are in a non-monetary form the 
distinction between economic and social indicators 
is not so clearcut.
The relevant sections in Part II and Part III will undertake 
to select the indicators which will best represent respectively Gross 
Domestic Expenditure and the level of socio-economic welfare. However, 
one last consideration has to be presented regarding the form of the 
indicators.
V. Gross Domestic Expenditure versus welfare - form of the indicators
The indicators in the original pool are in a raw form. They 
have not yet been processed in any way and we will draw on this original 
pool to form the sample of indicators representing Gross Domestic 
Expenditure and merely transform them, when needed, in a per capita 
basis. However, with the help of the original pool, it is also possible 
to construct new composite indicators or to refine the indicators in 
order to take into account relevant considerations such as the age 
structure, income distribution etc. Eence3 one of the main tasks of 
Part III will be to manipulate and refine the raw indicators in order to 
transform them into better indicators of socio-economic welfare.
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Table 4.1
List of the Indicators Considered 
Classified by Categories and by Sources
NON-MONETARY INDICATORS No. of 
countries
Years
Agriculture, Forestry 3 Fishing 
UN Yearbooks
Tractors in use 157 each
Harvester Threshers in use 43 i i
Phosphate Fertilizers Consumption 115 i t
Nitrogenous Fertilizers Consumption 130 i t
Potash Fertilizers Consumption 110 i t
Nitrogenous Fertilizers Consumption 71 i i
FAO Yearbooks
Average Size of Agricultural Holdings good
series
1 year 
between 
1960 &70
Agricultural Population and Population 
Economically Active in Agriculture
excellent
series each
Food Production
UN Yearbooks
Sugar 105 each
Wheat Flour 75 i t
Margarine and Butter 52 i t
Cheese 54 i t
Meat (various kinds) 103 i t
FAO Yearbooks
Summary of all Cereals excellent
series
f 1
Food Consumption
UN and FAO Yearbooks
Calories (Total average daily intake in gr 
Calories, Percentage from animal origin 
Protein (Total average daily intake in gr. 
Available Food Supply in 1000T (8 items
.) 131
i i
)
i i
(a)
breakdown) and Domestic Production as 
percentage of Total Supply
FAO Yearbooks
Net Food Supply per Capita (gr. per day) 131 (a)
cereals, potatoes, sugar, nuts, 
vegetables, fruit, meat, eggs, 
fish, milk, oil and fats
(a) Latest year: 69-70 for developed countries
64-65 for a number of LDC
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Table 4.1 (Cont.’d) '------------------- No. of
countries
Food Consumption (Contrd)
Net food supply per capita in calories 131
same series, same breakdown 
Percentage of calories from Cereals 
and Starch can be constructed 
Net food supply per capita in proteins "
Total proteins from animal origin 
Net food supply per capita in lipids "
Textile and Clothing
UN Yearbooks
Wool Yarn Production 46
Cotton Yarn Production 69
Rayon and Acetate Production
Continuous Fibres 41
Discontinuous Fibres 34
Non-Cellulosic Filaments
Continuous 42
Discontinuous 35
Wool Production (greasy) 27
Cotton, industrial consumption 88
Wool, industrial consumption 28
FAO - Fibre Consumption 125
Cotton, total and per caput consumption
Wool same
Flax same
Artificial (cellulosic) same
Synthetic (non-cellulosic) same
All Fibres, total and per caput consumption
Years
each
II
If
If
VI
II
II
II
each
II
each
Industrial Production CVarious)
UN Yearbooks
Roundwood (coniferous and broad leaf) 107 each
Sawnwood (coniferous and broad leaf) 98
Radio Receivers small "
Television Sets series(b) "
Merchant Vessels " "
Cars " "
Pig Iron " "
Crude Steel " "
Aluminium " "
Copper " "
Lead " "
Ethyl Alcohol " "
Acid sulfuric M "
Acid chlorhydric ” M
(b) small series 40 to 50 countries
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Table 4.1 (Cont.'d) No, of
countries
Industrial Production (Various) Cont'd 
Petroleum Refineries
Distillation Capacity (1000T) 112
Petroleum Products (1000T) 101
liquefied petroleum gas, naphtha, 
motor spirit, aviation gasoline, 
kerosene, jet fuel, distillate fuel 
oils, residual fuel oils, lubricating 
oils, bitumen, paraffin wax, road oils 
and petroleum cake
Energy (millions of tons of coal equivalents) 179 
Electric Energy (1000 KW) excellent
series
(P for public use)
(I + P for industrial and public use)
Installed Capacity 
Production
Manufactured Gas Production 53
Cement Production 105
Intermediate Consumption 
UN Yearbook
Steel apparent consumption (kg per capita) 120
Construction and Housing
UN Yearbook ~
Building Construction (1000m ) 83
Residential - useful floor space 
- living floor space 
Non-Residential - industrial
- Commercial
- Public
Number of Dwellings Constructed or Added 86
Total Dwellings Constructed good
Average Density (Number of persons per room)
Total (T) 96
Urban (U)
Rural (R)
Percentage of Dwellings with Piped Water poor
- inside or outside
- inside only
Percentage of Dwellings with Toilet series
- any type
- flush
Percentage of Dwellings with Electric 
Lighting 1
Percentage of Dwellings with Bath or 
Showers 1
Years
u
M
each
each
each
H
each
each
each
recent
year
no
recent
years
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Table 4.l(Contffd)■—  ■'— •— —-- - No. of
countries
Transport and Communication
UN Yearbook
Railway Traffic
Passenger/Km 85
Ton/Km 93
Railway Rolling Stock 73
Locomotives 
Passenger Carriages 
Wagons
Motor Vehicles in use 156
Passenger Cars 
Commercial Vehicles
International SeaBorne Shipping 154
Goods loaded 
Goods unloaded
Civil Aviation 106
Total scheduled services 
International services
Mail Traffic 99
Domestic
Foreign received 
Foreign sent
Telegraph Service 92
Domestic 
Foreign sent
Telephone - number in use 181
Health
UN Yearbooks
Hospital Establishments 221
Population per bed
Health Personnel 221
Number of physicians 
Population per physicians 
Dentists 
Pharmacists 
Nursing Personnel 
Midwifery Personnel
WHO Yearbooks
Mental Hospitals small
Maternity Hospitals series
Vaccination (Smallpox etc.) "
Physicians according to field of 68
Medical Activity
Education
UNESCO Yearbooks2
Percentage distribution of population 
by education, attainment, age and sex 
from census and surveys since 1945
Years
each
tl
«I
each
M
II
II
II
II
recent
yearit
in the 60’s
Tl
tl
around
1968
119
1 year in the 
60 ’ s
No. of 
countries
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Table 4fl (ContT'd)
Education (Cont’d)
Years
School enrolment ratios for the first, 
second and third level of education 191 1960-65-68-69
Age specific enrolment ratios at the 
first and second levels of education 
each year from 5 to 20
104 1 or 2 years 
in the 60’s
Education at the first and second 
(general) level - percentage distri­
bution by grade.
152 2 or 3 years 
in the 60's
Education preceding the first level 169 2,3 or 4 years 
in the 60's
Education at the first level: 
institutions, teachers and pupils 
pupil/teacher ratios
205 4 years in 
the 60's
Education at the second level: pupils 202 I V
Education at the second level: teachers 202 V I
Education at the third level: teachers 
and students 150
V I
Education at the third level: distri­
bution of students by field of study 139 3 or 4 years in the 60’s
Education at the third level: distri­
bution by field of study of students 
graduating in the years indicated. Also 
number of graduates per 10,000 inhabit­
ants aged 20-24
115 2 to 4 years 
in the 60’s
Public expenditure on education at current 
market prices 205
4,5 years in 
the 60Ts
Public recurring expenditure on 
education: total and percentage distri­
bution by level of education
177 3,4 years in 
the 60’s
Public and private recurring expenditure 
per pupil per level of education
105 1,2,3 years in 
the 60’s
Public recurring expenditure per pupil perl05 
level of education in index numbers
1,2,3 years in 
the 60’s
Scientists and engineers - Technicians
Libraries and their holdings by category 
of library
101
175
1 year in the 
60’s
V I
Museum - national, other public museums 
private and total
129 1 year in late 
60's
Daily general interest newspapers 155 60-65-68-69
Newsprint consumption 138 each
Printing and writing paper consumption 132 V I
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Table 4.1 (Cont.’d) No. of Years
countries
Entertainment and Recreation 
UNESCO Yearbooks
Cinemas - Seating Capacity per 1000 190 1 year in the
Annual Attendance per 1000 late 60's
Radio broadcastings - number of 
transmitters 192 H
Radio receivers 180 each
Television broadcasting: receivers 127 ii
Demographic Indicators3 
UN Yearbooks
Expectation of Life at Birth 
Male, Female or Total
166 1965-70
Fertility 167 1965-70
WHO Yearbooks
Natality 67 or 68
Infant Mortality 67 or 68
UNESCO Yearbooks
Population Projections for 1975 
1980 and 1985 for Groups of Countries
complete 69 or 70
Inhabitant per Km^
Labour Indicators
complete 69 or 70
ILO Yearbooks
Structure of the Economically Active Pop­
ulation
latest year
by Status (male, female and total) 120
by Industry (male, female and total) 120
by Occupational Groups 
Total and Economically Active Population
99
by Sex and Age Groups 136 ii
General Level of Unemployment 72 each
Industrial Accident Rates poor series ii
Industrial Disputes 77 i i
MONETARY INDICATORS
Aggregates[(Total and per Capita)
Gross Domestic Product at Factor Costs 
Gross Domestic Product ’in Purchasers’ around
1963 to 68
Values 115 1967 to 70
Gross National Product at Market Prices 
National Income at Market Prices around
1963,65 to 68
100 1963 to 70
National Disposable Income at Market
Prices 1967 to 69
Table 4,1 (Cont.'d) No. of 
countries
Percentage Breakdown of Gross Domestic Product around
104
Government Final Consumption Expenditures
Private Final Consumption Expenditures
Increase in Stocks
Gross Fixed Capital Formation
Exports
Imports
Growth
Index Number of Total and Per Capita 93
Product at Constant Prices
Exchange Rate
Hid Point Rates 114
(basic rates for communist countries)
1 (T), (U) and (R)
2 Most of these indicators are presented for male, female
3 These indicators are reproduced in various yearbooks.
Years
3 or 4 years 
in the 60’s
90
1963 100
1963 to 70
each
and total.
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Table 4.2
List of the Indicators 
Experimented upon1
(SNA breakdown)
Result of the 
Regression: GDP=f (NMI)
01. Food best
Final or Direct R2
function
fitted
Calories .73 log log
Calories from animal origin .79 I I
% of Calories from animal origin .75 V I
Calories from cereal and starch .50 I I
% of Calories from cereal and starch .77 V f
Proteins .59 V V
Proteins from animal origin .82 I V
% of Proteins from animal origin .82 expon.
Intermediate or Indirect
Tractor per inhabitant .75 log lin
Tractor per Km2 of cultivated area .80 cubic
Fertilizer per inhabitant .66 quadr.
Fertilizer per Km2 of cultivated area .67 cubic
% Population in agriculture .63 semi log
02. Clothing and Footwear 
Final
Textile consumption (apparent) .91 log log
03. Gross Rent, Fuel and Rower
Final
Average density T .81 expon or
" " U
1
.75
(log log 
log lin
% of houses with water T .76 expon.
U .61 log lin
% of houses with toilet T .26 expon.
U *19 Jflog log or
% of houses with bath T
1
.39
(expon. 
log log
U .21 semi log
% of houses with electricity T .85 expon.
U .77 log lin
Energy consumption .93 log log
Electric energy production P .89 VI
Distillate fuel oil and residual .81 log lin
Intermediate
Cement production .83 log log
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Table 4.2 (Cont.M)
203. Gross Rentj Fuel and Power (Cont'd) R
Intermediate
Steel consumption .92
04. Furniture3 Furnishings3 Household Equipment 
and Operation
Indirect
Steel consumption .92
Electric energy I + P .88
Petroleum refineries distillation 
capacity .83
% Population in manufacturing .73
05. Medical Care and Health Expenses
Final
Average life expectancy (total) .85
Average life expectancy (male) .76
Infant mortality .74
Indirect
Physicians per 10,000 inhabitants .78
Hospital beds per 10,000 inhabitants .84
Nursing personnel per 10,000 inhabitants .76
06. Transport and Communication
06.1 to 06.4 Transport 
Final
Passenger car .92 
Railway Passenger/Km/Population .28 
Railway Passenger/Km/Area .20
Intermediate
Railway Ton/Km/Population .57 
Railway Ton/Km/Area .43 
Commercial motor vehicle .83 
Energy .93 
Motor spirit .80 
Electric energy I + P .88
06.5 Communication 
Final
Newspaper .82 
Telephone .92 
Radio .76 
Television .85 
Domestic mail .82
best
function
fitted
log log
log log
t!
log lin 
expon.
log lin
It
log log
log lin 
log log
II
log log 
quadr.
it
quadr.
If
log log
II
II
ft
cubic 
log log
M
linearn
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Table 4.2 (Cont.'d)
206. Transport and Communication (Cont'd) R
Foreign mail .55
Ratio domestic/foreign mail .24
Intermediate
Newsprint consumption .87
best
function
fitted
log log 
semi log
cubic
07. RecreationEntertainment3 Education 
and Cultural Services
07.1 to 07.3 Recreation and entertainment 
Final
Newspaper .82 cubic
Cinema seating capacity .49 log log
Cinema attendance .14 cubic
Radio .76 log log
Television .85 linear
Intermediate
Newsprint consumption .86 cubic
07.4 Education
Final or attainment
Median of educational attainment 
% of population 15-24 with no school 
ing
% of +24 with no schooling 
Number of graduates 3rd degree/
10,000
Degree of education
School enrolment 1st degree 
2nd degree 
1st & 2nd degree 
3rd degree
Pupil/Teacher ratio 1st degree 
2nd degree
Miscellaneous Indicators
% Population in tertiary .53 expon.
Fecondity .52 cubic
Urbanisation .64 expon.
.46 expon.
.79 tt
.74 log lin
.68 linear
.52 log log
.06 VI
67 log log
73 log lin
76 ? i
77 cubic
GNP was regressed against each one of these indicators
Note: If an indicator belongs to several categories it is mentioned
seyeral times.
1
P A R T  I I
GROSS D O M E S T I C  E X P E N D I T U R E  AND THE
NON-MONETARY I N D I C A T O R S
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INTRODUCTION
In Part I we have elaborated upon the various shortcomings 
of the monetary approach to international income comparisons and 
introduced a set of non-monetary indicators (NMI) that could be used as 
a basis to compare the relative economic levels of the various countries 
in a more satisfactory manner. The task of Part II will be the develop­
ment of various methods aiming at aggregating the NMI in order to 
perform such international comparisons. Two approaches will be proposed.
The first approach is based on single equation regressions.
The NMI are used to recapture, to predict, and to correct Gross Domestic 
Expenditure (GDE). To do so, GDE is regressed successively against each 
NMI as independent variable. Then the predicted values for GDE thus 
obtained are aggregated according to some weighting scheme. With this 
approach, the weighting scheme used is independent of the statistical 
procedure and can be given an economic meaning.
The second approach proposed, principal component analysis, 
uses purely statistical methods to weight the NMI. It is a very powerful 
tool of analysis that can summarise in a few independent variables, the 
first few principal components, the bulk of the common variation of a 
large number of more or less intercorrelated variables, the NMI. Then, 
by regressing GDE against the first few principal components, we can 
again recapture an improved measure of GDE.
Finally, while experimenting with principal component analysis 
in order to recapture GDE, we also demonstrate the usefulness and 
advantages of such a method to summarise a large number of variables into 
one synthetic variable, the first principal component. We show that, if
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the data are carefully formed, we can maximise the impact of the first 
principal component. These properties will be applied in Part III.
In short, Part II will be devoted to the study of the relation­
ship between GDE and the non-monetary indicators. Experiments relating 
to the non-monetary indicators and welfare will be discussed later in 
Part III.
This part will be subdivided into four chapters. The first 
of these (Chapter V) will be an introductory chapter describing the 
framework necessary to perform our experiments; i.e. the indicators, 
the countries, and the periods chosen will be discussed successively.
The second chapter (Chapter VI) will develop various methods 
of aggregation mainly based on regression analysis. Some specific 
econometric problems will be discussed at length and their consequences 
will be described.
Furthering the search for a synthetic aggregate indicator, as 
close to GDE as possible, the third chapter (Chapter VII) will describe 
the use of multivariate analysis, more specifically, of principal 
component analysis.
The last chapter (Chapter VIII) will consist of various 
applications of the results of the two preceding chapters. With the use 
of the NMI we will predict GDE
1) for the countries without GNP data, mainly the centrally 
planned economies, and
2) for the countries affected by very unreliable rates of
exchange.
In conclusion we will discuss the advantages and disadvantages 
of the two methods presented in Chapter VI and in Chapter VII, i.e. 
single regression analysis, and principal component analysis, and 
appraise the role of the NMI.
CHAPTER V
THE GDE-ORIENTED DATA
In the previous chapter, we have introduced the non-monetary 
indicators which are going to provide the basic raw material for construct­
ing the various aggregate indices. We have also stressed that the choice 
of the non-monetary indicators was intimately linked to the nature of 
the aggregate index being constructed; thus we have distinguished between 
gross domestic expenditure-oriented indicators and welfare-oriented 
indicators, though some overlap is possible.
By virtue of the work of UN statisticians, both at the Head­
quarters' Statistical Office and in the various countries, a large amount 
of data on these indicators for various years and for a large number of 
countries has been compiled. However, because data are not always 
available on the same set of indicators for the same years in a sufficiently 
large number of countries, there is an initial problem of deciding what 
set of indicators to use, for which period, and for which countries, in 
devising a composite index; consequently we have to develop sensible 
criteria to solve this problem.
Furthermore, an important consideration must be noted at this 
point: our choice of data is unavoidably influenced by the methods of
analysis we are selecting (namely, single equation regressions, multiple 
regressions, and principal components); indeed, a careful balance must 
be struck in order to avoid the risk of introducing possible statistical 
distortions into the results.
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In the light of this consideration, we will now successively 
discuss the country samples, the indicators, and finally the period 
covered.
A
THE COUNTRIES
We have gathered data for practically all the sizeable countries 
included in the UN Yearbooks. The largest sample considered embraces 136 
countries, 13 of which have less than one million inhabitants. A few 
dependent1 territories that can be considered autonomous from an economic 
point of view are also included, namely Angola, Mozambique, Papua New 
Guinea, Hong Kong, and Puerto Rico; the first three have now acquired 
political independence as well.
I. Total Sample
Among the original 136 countries, 31 countries do not have any 
GDP data for various reasons. The centrally planned economies only have 
data for their material product and furthermore their rates of exchange 
are usually highly questionable. Similarly, countries which have not 
reached independence have not always developed an independent system of 
national accounting. Consequently the total sample includes only 105 
countries with available GDP data. However, such a large sample is 
afflicted by a certain number of weaknesses.
First, the total sample suffers from a number of missing data.
In order to reconstruct GDE from NMI in a satisfactory manner from a 
statistical point of view, countries with very scant data should not be 
included in the total sample. A first criterion thus had to be chosen
1
Around 1968-1970.
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and only countries with scores for at least half of the indicators were 
retained. In this manner the total sample was reduced to 131 countries.1 
However, it is clear that some of the remaining countries might still 
have an insufficient number of data from which to predict their GDE, 
and we admit that the reliability of such results could be affected. 
Consequently, the number of missing data for each country will be noted 
later on. The second drawback concerning the total sample stems from 
the fact that the data for some of the countries are unreliable and if 
we include all these we would be introducing a great amount of inaccuracy 
and imprecision. Finally, the most important criticism of the total 
sample concerns a certain inherent imbalance which could possibly dis­
tort the results. For example, in the case of the GDE figures, the mean 
for the total sample is US$1083 and the median is US$349. Obviously, the 
total sample includes a much larger number of less-developed countries 
than of rich countries. Out of 105 countries, 28 have their GDE greater 
than US$1000, 17 have their GDE between US$500 and US$1000 and the rest, 
i.e. 60 countries, have their GDE smaller than US$500. This is a rel­
atively skewed distribution. As we are planning to make extensive use 
of regression analysis and principal component analysis, the risk of 
getting biased results, since too much weight is put at the lower tail 
of the distribution, will have to be alleviated in some way.
II. Balanced Sample
The problem of the effects of sample composition was studied 
by Syrquin in a World Bank Working Paper (1975). Although the regressions 
considered2 are pooled across countries and over time since they are
1 The five countries rejected were North Vietnam, North Korea, Papua,
New Guinea, and China.
2 The regressions are extracted from "Pattern of Development 1950-1970"
by Hollis Chenery and Moises Syrquin (a World Bank Research Publication).
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used in a development study, some of Syrquin’s conclusions are relevant 
to our problems. Indeed, Syrquin compares regressions performed on two 
different kinds of samples: first, a total sample composed of all the
countries available, so that its size and composition varies from year 
to year, and second, a smaller but invariant sample composed of all the 
countries possessing complete data for all the years considered.
Syrquin favours the total sample, although it lacks uniformity 
and is affected by large noise elements in the data of the poor countries, 
over the small uniform sample, as the latter is not a representative 
subsample of the population and will thus produce more serious biases.
As our aim is to develop a sample that avoids all these pitfalls, we 
propose to introduce the concept of balanced sample.
Countries can be divided into three groups according to their 
level of development. At each end of this spectrum, we have the 
highly developed countries and the poor underdeveloped ones. In between 
there is a small group of countries which might be considered inter­
mediate. Although there is no clear cut-off point between the middle 
group and either of the two extreme groups, the existence of such a 
middle group is generally accepted and approximate bounds can be 
developed.
Thus, in order to construct a balanced sample, one would 
merely have to choose the same number of countries (10 to 12 for instance) 
from each one of the three groups. In one instance, we chose a GDE 
equal to US$1650 as a cut-off point between the rich countries and the 
middle countries and in another instance we chose US$1000. Between the 
middle countries and the very poor ones the cut-off point was chosen 
around US$350.
An important concern was to obtain a balanced sample as rep­
resentative of the total group of countries as possible. Hence we tried 
to balance the sample with regard to further criteria :
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- the geographical location
- the size of the population
- the total area
- the density of the population
We tried to include countries from every continent and with various 
climates. In each group, we were careful to pick small as well as large 
countries, and densely as well as sparsely populated countries. We also 
tried to have as much variety as possible with regard to religion, race, 
etc.
Finally, in order to optimise the performance of the balanced 
sample, two further conditions were imposed : a country would be included
only if its statistics were deemed reliable and if a score was available 
of most, if not all, of the indicators chosen. On this basis, it became 
necessary to set up two balanced samples. The composition of these 
samples and the reason for setting two such samples are explained below.
The first balanced sample, balanced sample 1, consists of 30 
countries belonging to three groups as follows :
Balanced Sample 1 - 3 0  Countries
Group I:
Developed Countries
Group II: 
Intermediate
Group III:
Less-Developed Countries
Sweden Argentina Taiwan
Canada Greece Iraq
France Spain Syria
Norway Chile South Korea
West Germany Mexico Egypt
Netherlands Portugal Sri Lanka
New Zealand Colombia Uganda
Austria Turkey Sudan
Israel Peru Nigeria
Italy Brazil India
Most of the criteria discussed above were met as far as was feasible. 
However, it was quite difficult to choose 10 poor countries as different
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from each other as possible and possessing reliable and extensive data 
for the various indicators, as there were more cases of missing data 
for this group. Indeed, the presence of missing data was troublesome 
for two reasons. First, we did not know, at this point, how to cope 
with them as the computer programs available were written for complete 
data matrices only. Second, as the missing data were concentrated at 
the same end of the distribution, this would probably create some 
distortion (the mean of the distribution becomes larger). Hence we 
also chose a second balanced sample, that we planned to use with a 
different indicator sample (described later on) in such a way that the 
criteria of total availability became compulsory while the remaining 
criteria only had to be met as best we could. In this way, we were 
avoiding altogether the difficulties created by the missing data.
The second balanced sample includes 37 countries divided into 
three groups as follows :
Balanced Sample 2 - 3 7  Countries
Group I:
)ped Countries
Group II: 
Intermediate
Group III:
Less-Developed Countries
USA Japan Ivory Coast
Switzerland Israel Dominican Republic
Denmark Ireland Liberia
France* Venezuela Honduras
Australia Argentina* South Rhodesia
Norway* Greece* Algeria
West Germany* Spain* Tunisia
Iceland Chile* Egypt*
Netherlands* Panama Sri Lanka*
New Zealand* Jamaica Kenya
United Kingdom Costa Rica Sudan*
Austria* Colombia* India*
Peru*
The two balanced samples have only 17 countries in common
(marked with an asterisk). The very existence of two different samples
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will also permit us to compare the results and to check if they are con­
sistent. So the next step is to experiment with these two samples.
Two points had to be tested: first, do the smaller balanced
samples bring any improvement over the results of the larger total sample? 
More explicitly, do they yield better predictions for GDE? If the answer 
is positive, a second query will be examined. Is such an improvement 
brought about solely by the fact that the smaller samples include more 
reliable and more complete data, or is this due also to the fact that the 
sample is balanced?
In order to illustrate these points, a number of single regress­
ions of GDE as dependent variable on certain indicators were performed.
In the first set of experiments, an economic indicator, energy consumption, 
was chosen as independent variable and in the second set, a social 
indicator, hospital beds per 10,000 inhabitants, was used.
The regressions were performed for different groups of countries:
- a large unbalanced sample including 104 countries
- the two small balanced samples presented above including respectively 
30 and 37 countries
- a small lopsided sample including only 22 rich countries
- two lopsided samples including respectively 46 and 60 poor countries. 
Finally, in each case, 11 different equations were fitted (linear, semi- 
logarithmic, logarithmic, exponential, and various forms of quadratic and 
cubic).
The results of only the best equations are reported (see Table
5.1). The regressions yield the answers to the above questions: both
balanced samples offer better results than the total unbalanced sample in 
2terms of higher R , better Durbin-Watson statistics and smaller standard 
errors of the estimates. Of course, the T-statistics for the coefficients 
are larger in the larger sample because of the additional degrees of free­
dom it allows.
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Secondly, intra-group regressions, i.e. regressions using 
observations for the poor countries or for the rich ones only, always 
yield poorer results than inter-group regressions, i.e. regressions 
using the two balanced samples or the large unbalanced sample. In the 
case of the social variable, there is no evidence of any meaningful 
intra-group relation between it and GDE. This feature, which applies 
to most social variables can be readily explained. The social variables 
are more likely to have minimum levels or saturation levels than the 
other variables. Hence the variation will be minimal within each tail 
of the total cross-country distribution. Finally, if we consider the 
regressions between GDE and energy using the observations for 22 
developed countries, we also note that although we are using a small 
sample and highly reliable statistics, the results of the regressions 
are definitely inferior to those obtained with the balanced samples. 
Accordingly, it is strongly desirable that the samples represent a 
balanced cross-section of the total sample of countries.
Now that the advantage of the balanced sample over the total 
sample has been established, either of the two balanced samples can be 
used in order to reconstruct GDE with the help of the non-monetary 
indicators. We will then apply the coefficients thus obtained with the 
balanced samples to predict for the total sample.
In conclusion, a practical and advantageous consequence of 
using smaller samples instead of the total sample must be stressed: it
is obviously less cumbersome to experiment with a data matrix based on 
30 or 37 observations rather than on 104, indeed this will permit us 
to accomplish a more thorough analysis. We will now examine the 
indicators chosen in connection with the two balanced samples.
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B
THE INDICATORS1
Part II is concerned with the construction of an index of Gross 
Domestic Expenditure. We will, therefore, choose our indicators out of 
the pool of GDE-oriented indicators. First, some criteria of choice must 
be defined.
We are guided primarily in our choice by the results of the 
single regressions between the various NMI as independent variables and 
GDE as dependent variable. These results are presented in Appendix I. 
Obviously the first step is to exclude as a poor indicator any NMI which 
has too low a correlation with GDE.
The indicators chosen must be representative of all the major 
subdivisions of GDE. Indicators for final, as well as for intermediate, 
goods and services are selected on the grounds that intermediate goods 
and services can summarise a large number of final goods; for instance, 
steel can be considered as a proxy for cars, refrigerators, bicycles, 
etc. Similarly, indicators representing private as well as public 
spending on goods and services are included on the grounds that they give 
some weight implicitly to the investment and to the government sector. 
Furthermore, indicators are chosen from every major sub-group included 
in consumption, i.e. food, clothing, housing, transport and communication, 
entertainment, health and education. We will aim at a balanced choice : 
for instance no more than two or three indicators from each category 
should be gathered. In this manner, two sets of indicators were chosen 
as shown below :
1 The indicators chosen are discussed in greater detail in Appendix II.
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SET I
R2 with GDE
Balanced Sample 1 Balanced Sample 2
Group 1
"economic”
1 
2
3
4
5
r 6
7
8
9
Group II
"social"
110 
11 
12
13
14
15
,16
steel consumption
energy consumption
electric energy production
passenger cars stock
telephone stock
radio stock
newspaper circulation
average density
school enrolment 1st and 2nd 
level
school enrolment 2nd level
physicians
hospital beds
animal calories daily intake
% calories from cereal and 
starch
textile consumption 
cinema seating capacity
.93 .92
.93 .93
.90 .89
.91 .92
.94 .93
.76 .76
.82 .82
00 .81
.78 .74
.77 .79
.77 .78
.83 .84
.84 .79
.87 .77
.88 .91
.53 .52
We experiemented with all the 16 indicators and also with the 
first five indicators only, i.e. the indicators of quantities of private 
consumable commodities which, for convenience, we shall refer to as the 
"economic" indicators.
In the case of Set II below, we experimented in turn with 
all the demographic, social and economic indicators taken together, i.e. 
with 17 NMI; then with only the social and economic indicators, i.e. 
with 14 NMI; and finally with only the economic indicators, i.e. with
6 NMI.
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SET II
R2 with GDE
Balanced Sample 1 Balanced Sample
Demographic 1 fecundity .66 .52
2 infant mortality .57 .74
3 average life expectancy .81 .85
Social 4 radio stock .74 .76
5 school enrolment 1st & 2nd 
level .78 .74
6 school enrolment 1st level .49 .46
7 school enrolment 2nd level .77 .79
8 physicians .77 .78
9 hospital beds .83 .84
10 calories daily intake .71 .73
11 proteins daily intake .60 .59
Economic 12 steel consumption .93 .92
13 energy consumption .93 .93
14 electric energy production .90 .89
15 passenger cars stock .91 .92
16 commercial cars stock .86 .83
17 telephones stock .94 .93
The first sample includes indicators which have a generally
higher correlation coefficient with GDE, but the second sample seems 
more general since it includes some demographic indicators. We will 
therefore be able to perform some sensitivity studies between the two 
sets of indicators. However, the main advantage of Set II over Set I 
is a practical one. Combined with the 37 countries of balanced sample 
2, the data matrix does not include any missing data. This is a great 
advantage for our initial experiments. Of course, another obviously 
important quality that we require from the indicators in order to 
complete the experiments successfully is to be reliable as predictors 
of GDE: the fulfilment of this condition is undoubtedly also linked
to the sample of countries chosen.
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After having discussed at length the choice of the countries 
and the indicators, our last task is to decide upon the time period to 
study.
C
THE YEARS
A problem immediately appears: GDE and the various NMI are
not sensitive to the same categories of fluctuations. GDE is very 
sensitive to short-term business cycles. Such short-term fluctuations 
could introduce serious inconsistencies in our results as only very few 
of our NMI are as sensitive to them as GDE is. In fact, most of our 
NMI, and more specially the social indicators, are sensitive only to 
long-run fluctuations.
Consequently, if we want to reconstruct GNP directly from such 
indicators we will have to smooth out the short-run fluctuations in 
GDE. This is done by using a three year average for GDE and for the 
indicators where possible. Hence we admit that our methods cannot 
reconstruct accurately yearly GDE; but it will reconstruct an averaged 
measure for GDE over three years. Consequently for all the indicators 
possessing data for the years 1968, 1969 and 1970, an arithmetic 
average of these three years is calculated. When only two years are 
available, these two years are averaged and, finally, when only one year 
is available, it is used without any averaging. This last instance is 
quite common in the case of the social or the demographic indicators as 
gathering and polling are performed only every few years; therefore, 
we choose the available year which happens to be nearest to the period 
1968-1970 and we make sure that the total series is as consistent as 
possible. This is not too troublesome as such data usually vary very
slowly.
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Obviously, the most recent data available at the beginning of 
this study have now been superseded by more recent ones. However, this 
is not a serious problem because the main aim of this study is to 
develop various methods for aggregating non-monetary indicators. Once 
the methods have been developed, it would not be difficult to update 
the data matrix later on.
The framework for this part of the study has now been fully 
discussed and in the next chapter we will undertake the first set of 
experiments using basic regressions in order to try to reconstruct GDE
with the indicators.
CHAPTER VI
PREDICTING AND CORRECTING GDE WITH THE HELP 
OF REGRESSION ANALYSIS
INTRODUCTION
In this chapter, we plan to test how accurately a national 
income aggregate can be predicted with the use of the NMI. The best 
approach is to choose an already existing aggregate measure and to try 
to reconstruct it with the help of the NMI. We decided to pursue these 
experiments with GDE which is one of the most commonly used of the 
national accounting aggregates.
The experiments will be carried on with the help of regressions. 
GDE will always be the dependent variable and the NMI will be explanatory 
variables. Single regressions as well as multiple regressions will be 
run and their respective advantages and disadvantages will be discussed. 
The variables included in the tests are the 16 indicators of the first 
indicator set and the country sample is balanced sample 1 (30 countries).
A
SINGLE REGRESSIONS
First, we will try to reconstruct a measure as close to GDE 
as possible with a method using single regressions only.
In Part I, Chapter IV, a thorough study of the NMI was conducted 
and the relation between each of the NMI and GDE was tested with the help
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of single regression analysis using GDE as the dependent variable and 
each NMI in succession as the independent variable. All these individual 
results were reported in Appendix I and we just have to single out the 
best results for the 16 indicators chosen to represent GDE.
I. Description of the Procedure
In Chapter V, we assumed that the 16 NMI of the first indicator 
set form a proxy that could reflect GDE as they represent every facet of 
it. However, our choice was evidently constrained by the three basic 
criteria of availability, reliability and universality of the NMI.
On the one hand, we have, for each country, GDE converted into 
US dollars (i.e. the expenditure on the various goods and services 
reckoned in the respective national currencies, summed up and converted 
into US dollars through the official exchange rate). On the other hand, 
we have a sample of 16 goods and services that, we assume, represent all 
the goods and services entering GDE but which are reckoned in their own 
physical units and thus cannot be aggregated. The first measure, GDE, 
is a single aggregate figure; there is only one score per country and it 
is thus immediately comparable. The second is a set of 16 measures, each 
one reckoned in a different unit. They cannot be readily compared inter­
nationally unless they are somehow aggregated. What can be done in order 
to extract out of these 16 different scales one internationally comparable 
measure?
The solution suggested here is the following: 16 separate
regressions of the form GDE = f(NMI) will be run. Each of these regress­
ions will yield for each country a predicted value for each country’s 
GDE. Finally, for each country, the 16 predicted values for GDE yielded 
by the 16 regressions will be aggregated according to some weighting
scheme that will be discussed later on.
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Obviously it is most desirable that the best relation possible
between GDE and the various NMI be obtained. Hence, for each indicator,
11 different forms of function were experimented with (polynomial,
logarithmic and mixed). The functional form with the best results in 
—2terms of R , D-W statistics and significance of the coefficients was
singled out. However, a simpler form of function in terms of the number
of variables was usually given preference over a more complex one, if the
2latter failed to improve the R by at least .02.
The economic meaning of such a procedure must now be discussed.
II. Discussion of the procedure
Three points will be made. First, through the international
experience of the 30 countries, an averaging effect will take place,
which will permit the correction of the obvious outliers. For instance,
if a country has a rather low score for its food indicators relatively
to the countries enjoying the same levels of GDE, the average experience
of all the countries will treat this country as an anomaly, and its
predicted value for GDE will be lower than its actual value.
However, in the small balanced sample, it is desirable to have
—2as few outliers as possible and, consequently, as good an R as possible
—2for the various indicators. Indeed, the more outliers the lower the R , 
the less precise the relation and, as a result, the less meaningful the 
correction. In fact, we want to determine the best relation between GDE 
and the indicators for the 30 countries in order to correct the outliers 
in the larger sample and to predict GDE for the countries without data for 
GDE. Such correction will be more effective since the original GDE of 
these outliers were not included in the construction of the coefficients
used for the correction.
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Second, each regression with GDE as the dependent variable 
provides a method to translate each indicator from a physical unit into 
a scale related to GDE. It will thus become possible to aggregate the 
information offered by the indicators with the help of the 16 sets of 
predicted values which are measured in the same scale. By choosing for 
each indicator the best fit with GDE, we ensure that this new scale is as 
closely related to GDE as possible.
Finally, we know that GDE and the indicators are related, but 
the direction of the causality is not obvious. When we assign to GDE the 
role of dependent variable in our regressions, we thus make an implicit 
assumption about the direction of the causality; changes in GDE are the 
consequence of changes in the indicators. The regression will yield 
predicted values for GDE which have the property of being perfectly 
correlated with the NMI. If we accept the assumption that the NMI are 
more accurate than the monetary indicators, these predicted values could 
be considered as representing improved estimates for GDE. In fact, if 
the functions fitted are monotonic in the relevant section, the ranking 
of the indicator will prevail and be transferred to the predicted values 
for GDE. Such ranking might obviously differ from the one obtained 
using the original GDE measures.
In conclusion, the advantage of running a single regression 
between GDE and each NMI lies in the fact that it yields a predicted value 
for GDE which
1) is smoothed by the international experience;
2) is presented in the same scale as GDE;
3) is directly related to the indicator.
Hence the 16 indicators will yield 16 new scores, the predicted values, 
for each country. These new scores can be readily aggregated (with the 
help of some acceptable weighting scheme). Hence, for each country, one 
final score which represents a proxy measure for GDE will be obtained.
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This score may then be compared to the original GDE.
If the result is very highly correlated with GDE for the 30 
countries of the balanced sample, it can be taken as an indication that 
this method can reconstruct GDE or any very similar measure with the 
help of carefully chosen NMI. Thus, this technique can be applied in 
a straightforward way to get more reliable GDE estimates using only the 
scores on the 16 indicators and the coefficients from the regression 
equations.in the three following instances:
1) for the outliers, i.e. the countries with very unreliable 
exchange rate data;
2) for all the other countries not included in the original 
balanced sample; and
3) finally for the countries without GDE data, mainly the 
material product countries.
Ill. Weighting scheme
Having justified the use of single regressions, a logical way 
to aggregate the various predicted values obtained must now be developed. 
Purely statistical weighting schemes are obviously available. However, 
the introduction of some economic reasoning in the development of our 
weighting scheme would present a more valuable contribution. The method 
we propose is to base the weights on the relative importance of the 
various indicators with regard to GDE. The indicators were chosen so that 
they would represent each one of the main categories of spending included 
in GDE. Hence we could allot to the indicators in each category a weight 
proportional to the importance of the category itself with regard to 
GDE.
The importance of each category can be estimated by the 
proportion of total expenditure spent on it in each country. Of course,
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it is only a rough approximation as we know that the relative price 
levels are different in different countries and can thus inflate or 
deflate the importance of particular sectors. However, for the purpose 
of weighting, this kind of imprecision is not critical. Moreover, it 
can be smoothed out by taking an average of the weights for groups of 
countries enjoying similar levels of living.
In the country-by-country section of the UN Yearbook of 
National Accounts, a table describing "Private Final Consumption 
Expenditure by Objects" is presented for 47 countries. The item-by-item 
breakdown is shown in Table 6.1. Only ten categories which are under­
lined have been retained. As these tables report the expenditures in 
the local currency, we converted them into percentages of total expend­
iture .
The countries were then classified into five main groups 
according to their level of income (see Table 6.2). Within each group 
the percentages were quite similar, so we took the average of the 
percentages for all the countries included in each group in order to 
simplify the weighting scheme (see Table 6.3). Consequently there was, 
at each level of income, a rather consistent pattern of expenditure and 
we were thus justified in using the averages thus obtained for the 
countries within the same income group which did not possess any expend­
iture breakdown.
An example will demonstrate how these weights were used with 
the 16 predicted values obtained from the regressions. If, at a certain 
income level, food expenditure represents 20% of total expenditure and 
housing represents 15%, the value for GDE predicted by the food indicator 
is given a weight of .20 and the value for GDE predicted by the housing 
indicator is given a weight of .15. However, if there were more than 
one indicator within a category, the total weight for the category was 
divided equally between the indicators. The allocation of the 16
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Table 6.1
Private Final Consumption Expenditure by Objects
01. Food3Beverage3Tobacco
Food
Non-alcoholic beverages 
Alcoholic beverages 
Tobacco
02. Clothing, Footwear
03. Gross Rent, Fuel, Power
04. Furniture, Furnishings, Household Equipment and Operation
Furniture, fixtures, carpet, other floor coverings and repairs 
Household textiles, other furnishings and repairs 
Major household appliances including fitting and repairs 
Glassware, tableware and household utensils 
Household operation
05. Medical Care and Health Expenses
06. Transport and Communication
06.1 Personal transport equipment
06.2 to 06.5 Rest of transport and communication
07. Recreation, Entertainment, Education and Cultural Services
07.1 to 07.3 Recreation and entertainment 
07.4 Education
08. Miscellaneous Goods and Services
Personal care and effects
Expenditure in restaurant, cafe and hotel
Packaged tours
Financial and other services
Source: UN Yearbooks of National Accounts
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Table 6.2
List of the Countries used in the Construction of Weights
for the Budget Breakdown in Various Groups
Group I Group III
GDP greater than 
$2000
GDP between $500 
and $1000
United States
Sweden
Canada
Switzerland
Denmark
France
Australia
Luxemburg
Norway
West Germany 
Belgium 
Netherlands 
Iceland
Venezuela
Greece
Spain
Singapore
Cyprus
South Africa 
Panama 
Jamaica 
Malta
Group II Group IV
GDP between $1000 
and $2000
GDP between $200 
and $500
United Kingdom 
Finland 
Libya
Puerto Rico
Austria
Japan
Israel
Italy
Venezuela
Zambia 
El Salvador 
Ghana 
Jordan
South Rhodesia 
Korea
Group V
GDP less than $200
Thailand
Sierra Leone
Sri Lanka
South Vietnam
Togo
Niger
Tanzania
Khmer
Malaya
Note: The 46 countries include 9 African countries, 7 American countries, 
11 Asian countries, 18 European countries and 1 country from Oceania. 
(Fiji is dropped as it is not included in our study.)
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Table 6.4
Allocation of the 16 Indicators to Categories of 
Expenditure in the Budget Breakdown
Food Animal Calories
% Calories from Cereal and Starch
Clothing Textile
Rent Energy
Water Average Density
Fuel
Furniture Electric Energy
Furnishings Steel
Medical Care Physicians 
Hospital Beds
Personal Passenger Cars
Transport
Equipment
Communications Newspapers
Telephone
Recreation Cinema
Radio
Education School Enrolment - I and II Degree 
School Enrolment - II Degree
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indicators to the budget breakdown is presented in Table 6.4.
A problem arises because the investment and the government 
components of GDE are ignored in the weighting scheme. If we were mainly 
interested in predicting Gross Private Expenditure, there would be no 
problem. However, we wish to predict Gross Domestic Expenditure as a 
whole. We therefore assume that the role of the investment and of the 
government sectors is implied in the weights given to the expenditure 
indicators such as health or education or housing etc. Hence we can take 
the breakdown of private expenditure to represent that of Gross Domestic 
Expenditure as well. Such an approach implies that the index reflects the 
importance of the indicators vis-ä-vis each other from the point of view 
of the consumer.
This weighting scheme was developed in order to introduce some 
economic concepts into the technique proposed. However, it may be noted 
that since we are combining a number of predicted values for GDE i.e. 
several quantities measuring the same concept, the effect of the weighting 
scheme may not be crucially important. Indeed, various sensitivity studies, 
presented later on, show that the overall effect of changing the weights 
is quite small.
A last point concerning the treatment of missing data in such 
a weighting scheme should be presented. If a country did not possess a 
score for some of the variables, the following procedure was applied. If 
all the indicators within a certain budget category were missing, that 
category was omitted from the calculations and the weights of all those 
remaining were adjusted proportionately in such a way that the sum of the 
weights of the remaining variables was equal to one. If only some of the 
indicators were missing within a certain budget category, the total 
weights allocated to the category was apportioned equally to the remaining 
indicators of the category. In fact this procedure is equivalent to
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predicting the missing indicator for any country with the help of the 
other indicators in the same category for that country and, if this is 
not possible, with the help of all the other indicators for that country. 
This is better than replacing a missing score by the average score of 
all the countries on the indicator.
IV. Presentation of the results
For each of the 16 indicators, we have singled out the best
equation according to four criteria: adjusted coefficient of deter-
—2mination (R ), Durbin-Watson statistics (D-W), significance of the 
coefficients (t-statistics),and finally the behaviour of the predicted 
values.
The 16 best equations are presented in Table 6.5. For each 
country, the corresponding predicted values for GDE are shown in Table 
6.6. Finally, the weighted average of these predicted values according 
to the weighting scheme discussed above are listed in Table 6.7. We 
will refer to this average as predicted GDE or GDE and compare it to the 
original GDE. In the same table, the countries are ranked along these 
two measures.
From an overall point of view, the results may be evaluated 
by considering the coefficient of correlation p between GDE and predicted 
GDE. As p equals .97, the overall results can be considered as very 
satisfactory. We must also note an unexpected result : predicted GDE
is greater than GDE for the poor countries and the converse is true for 
the rich countries. The gap between rich and poor countries is thus 
reduced in the new scale. This rather startling phenomenon will be 
discussed in some detail in Part B of this chapter.
If we now survey the results on a country-by-country basis, 
the change in ranking that certain countries experience and the magnitude
CTs
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of the percentage changes between GDE and predicted GDE become the 
relevant considerations. They are presented respectively in column (5) 
and (6) of Table 6.7. This comparison shows that 24 countries are con­
fronted with changes in ranking that are no greater than |2|. Such 
changes are rather insignificant. The 6 remaining countries that suffer 
more drastic changes will be considered in detail in a later section and 
some hypothesis explaining such individual shifts will be advanced.
V. Sensitivity Studies
In order to test our results, we performed some sensitivity 
studies. Experiments were carried out with a different set of equations 
with different groups of variables and with different weighting schemes.
a) First, using the same weighting scheme and the same 16 
variables, we tried two new sets of equations based on slightly different 
criteria. The first approach consisted in selecting only the equations 
that yielded the highest R and the second one in selecting the best 
equation among the functions with one independent variable only. The two 
sets of equations are presented in Table 6.8, together with the standard 
set of Table 6.5, and the three corresponding sets of predicted GDE are 
presented in Table 6.9. Table 6.9 shows that these changes in the 
estimating equations made very little difference to the results.
b) We also experimented with different groups of variables.
The results obtained with the 16 social and economic variables were 
compared to the results obtained with the 5 economic variables only.
Our weighting scheme based on overall expenditure patterns could not be 
used to derive weights for the five economic variables; so we had to 
adopt an unweighted average. The two sets of predicted values are pre­
sented in Table 6.10. The country-by-country change is not very great.
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It is not surprising, however, to find that the predicted GDE based on
5the five economic variables (GDE ) has a higher correlation with GDE
than the predicted GDE based on the 16 economic and social variables 
16(GDE ), but the difference is quite small. Indeed, each of the economic 
variables has a higher correlation with GDE than the social variables. 
Nevertheless, we must point out that GDE“* does not present as general a
ißpicture of each country's position as GDE , since it is based only on the 
economic indicators.
c) Finally, we sought to vary the weighting schemes. First, 
a weighting scheme that had been derived earlier in a fashion similar 
to the one described in Section III was available.1 This previous budget 
breakdown is presented in Table 6.11 and the allocation of the 16 
indicators to its seven categories is presented in Table 6.12. In Table 
6.13, the predicted GDEs constructed with, first, an unweighted average; 
second, the old weighting scheme, and third, the new weighting scheme 
are compared. The differences are not very significant and the slightly 
better correlation obtained with GDE can be readily explained by the 
fact that the economic variables play a greater role in the old weighting 
scheme and in the unweighted scheme.
In conclusion, the country-by-country results remain rather 
consistent during all these experiements. Indeed, for a specific country, 
the predicted GDE are either all higher or all lower than the original 
GDE. However, the six countries which suffered from the most severe shifts 
seem to be those which are the most affected in the various sensitivity 
studies. These cases will now be examined in detail.
1 This earlier weighting scheme had been rejected as it included only 
seven basic categories instead of nine in the new scheme.
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Allocation of
Table 6.12
the 16 Indicators to the Categories
of Expenditure in the Old Budget Breakdown
Food Animal Calories
% Calories from Cereals and Starch
Clothing Textile
Fuel Energy
Light Electric Energy
Rent Average Density
Health Physicians
Hospital Beds
Recreation Cinema
Radio
Education School I and II
School II
Other Steel
(Luxuries) Passenger Cars 
Newspaper
Telephone
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VI. Discussion of individual countries with large shifts in ranking
The six countries suffering the most severe shifts are France,
New Zealand, Mexico, Turkey, Brazil and Taiwan. Two countries will be 
added to this list as they experience unusually high percentage differences 
between GDE and predicted GDE, namely Sudan and India. Two different 
hypothesis explaining such wider individual shifts will be advanced. The 
first hypothesis is related to the nature of the indicators chosen and it 
will be referred to as the structural explanation. The second one is 
based on the existence of an unusual gap between exchange rate and pur­
chasing power parity. The countries affected by the second problem will 
be referred to as the "freaks". The possibility of these two causes acting 
jointly cannot be ruled out.
(1) The structural explanation
First, the case of the two developed countries, France and 
New Zealand will be considered. France shifted from third rank on the 
original GNP series to eighth rank on the reconstructed measure. The 
various rankings of France on the 16 indicators are reported in Table 6.14. 
As these ranks vary between third and eleventh and as the ranking of the 
predicted values is based on the indicators, it is obvious that France 
cannot be ranked third on the aggregate measure constructed with the 
predicted values. The ranking of France as eighth on the basis of the 
composite measure is therefore consistent with the ranking of the indicat­
ors .
Indeed, the problem originates in the choice of the indicators. 
Out of the sixteen indicators, seven measure flows while nine measure 
stocks. Among the seven flow indicators, three are social indicators that 
vary very slowly over time (newspaper circulation, and the two nutrition 
indicators). Finally, among the four remaining flow indicators, three 
measure consumption and one is a production indicator (annual electric
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Table 6.14
France’s Rankings (Out of the 30 Countries of
NDBS I) on the 16 Indicators and GDE
Indicator Ranking Nature
% Calories from C & S 7 consumption flow - social
Animal Calories 3 consumption flow - social
Textile 8 consumption flow - social
Energy 6 consumption flow - economic
Average Density 6 stock - social
Steel 5 consumption flow - economic
Electric Energy 8 production flow - economic
Physicians 11 stock - social
Hospital Beds 8 stock - social
Passenger Cars 4 stock - economic
Telephone 9 stock - economic
Newspaper 7 consumption flow - social
Radio 6 stock - social
Cinema Seating Capacity 7 stock - social
School I and II 5 stock - social
School II 4 stock - social
Average Ranking 6.5
Ranking on
- GDE 3
- Predicted GDE 8
Rote: We obtain similar results with the five economic variables only.
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production). Yearly flow indicators are the most akin to GDE and should 
be the most sensitive to yearly changes in GDE. Stocks are further 
removed from GDE as they involve the result of production over past 
years. Finally, social indicators tend to have very long run fluctuations 
and hence are not very sensitive to short run changes in GDE. Consequent­
ly, the aggregate measure we obtain with the 16 indicators not only 
measure GDE but is also influenced by the state of wealth accumulated in 
the various countries over the years.
In fact, we find that among the ten richest countries (in the 
30 country sample) France has had one of the highest average yearly rates 
of growth for GDE in the past five years. Indeed, France moved from 
sixth rank in 1963-1965 to third rank in 1968-1970 with GDE series. 
However, its stock indicators, telephone, radio, etc. did not improve as 
swiftly. On the other hand, during the same period, New Zealand slipped 
from third to seventh on the GDE ranking. However, New Zealand’s ranking 
on the composite measure for 1968-1970 remains third. This means that 
its yearly production is no more in line with the other countries at the 
top of the ranking. The average yearly growth of its GDE has been slow. 
However, the New Zealanders still enjoy a very sizable amount of accumu­
lated wealth (cars, housing, etc.) and thus New Zealand gets a third rank 
on an expenditure-oriented scale.
Even if only the five economic indicators are used, the problem 
still arises as two of the economic indicators measure stocks. The new 
measure will, however, be slightly closer to GDE because the social 
variables, i.e. the variables affected by the slowest adjustment lags, 
are no more included.
If our aim is to reconstruct a quantity as close to measured 
GDE as possible, we should include only indicators representing the yearly 
flow of consumption of non-durable goods plus indicators representing the 
yearly increase in stock of durable goods. However, it was argued in
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Chapter I, that durables should be taken into account in a measure of 
aggregate expenditure in the form of the yearly current services they 
provide. Hence, in the case of durable goods, stock indicators will offer 
better estimates of the yearly services performed by all the durables than 
an indicator of the yearly increase in the stocks of durables would. Thus, 
by using stock indicators for the durables, we are introducing a useful 
correction to measured GDE. As a result, the ranking by the composite 
measure does not correspond closely to measured GDE for countries ex­
periencing a period of faster growth or a slowdown with respect to the 
other similar countries in the sample. Of course, this problem is more 
likely to influence the ranking of the developed countries which possess 
substantial stocks of wealth and experience slow population increases than 
the ranking of underdeveloped countries. Another explanation must thus 
be devised to explain large shifts of ranking in the case of the poorer 
countries.
(2) The freaks
With the poorer countries, we are more inclined to explain 
important differences between GDE and the aggregated predicted values in 
terms of the "freak effect". It has already been noted that the composite 
index method can correct the errors due to unrealistic exchange rates. If 
we consider purchasing power parity studies performed in the mid-sixties,1 
we would find the Brazilian currency grossly undervalued while the 
Mexican and the Turkish currencies had rather realistic rates of exchange. 
But as, in the sample, the latter stand in the same group as countries 
with undervalued currencies, they will obviously slip down relatively to 
these countries in the final ranking.
An important point must be made here. Many countries experience 
a discrepancy between their purchasing power parity and their exchange rate.
1 Cf. Maddisson (1970).
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The ratio between these two measures usually lies closer to one for the 
developed countries and closer to two for the under-developed countries 
(using US dollars as base). The relevant point here is the extent of 
this discrepancy for an individual country relatively to the other 
countries enjoying similar levels of income. Hence a "freak” will be 
defined as a country which has a very unusual purchasing power parity 
over exchange rate ratio in comparison to its neighbours in the sample.
Finally, a country might also have a very atypical score 
(given its level on the other indicators) on only one or two indicators 
that happen to carry very high weights in the aggregation scheme. This 
will thus be reflected by a large discrepancy between its measured GDE 
and the composite mean. It is unfortunate that the imbalance in the 
level of this country will not really show in the new measure. Such 
countries could be classified as "partial freaks". Sudan, which happens 
to have very high levels of animal calories consumption, is such an 
example.
In conclusion, the first explanation seems more likely to be 
satisfactory in the case of the developed countries as they already 
possess a substantial stock of wealth. The rate of growth of GDE rel­
atively to the rate of growth of their real consumption is the key point. 
When the results of these experiments are extended to other countries, 
it will be found that Austria and the United Kingdom show a pattern 
similar to New Zealand's, while Japan and Israel show a pattern similar 
to that of France.
On the other hand, the second explanation, introducing the 
freaks, is more likely to provide an answer in the case of the under­
developed countries. Similarly, in the extended sample, countries like 
Venezuela, Libya, Liberia and Taiwan might be good examples of freaks.
(Of course, there might be well-known reasons for it : oil-producing
countries, large amounts of trade with the USA, etc.)
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Due to the nature of the NMI, our method is not very sensitive 
to unusual short-run changes in income, but it can perform real income 
corrections for the individual freaks and offer satisfactory predictions 
for the majority of the countries included. However, a rather startling 
phenomenon results from our method : the gap between the rich and the 
poor countries is reduced. We must now study the causes and the conse­
quences of this shift.
B
THE SHIFT IN THE REGRESSIONS
In the previous section, it was stated that the composite 
index method provided a correction for measured GDE in the case of the 
freaks or the outliers (that is the countries which did not behave like 
their neighbours on the income scale). Indeed, as a regression is basic­
ally a kind of averaging process, the outliers would obviously be subject 
to the most drastic shift. However, this shift could be in either 
direction, and an example is given in Figure 6.1 below.
outlier
outlier
Figure 6.1
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In the present section, we shall investigate a shift of an 
entirely different nature. As noted in the previous section, our methods 
lead to a systematic adjustment along the income scale in the sense that 
the rich countries on the income scale obtain lower predictions on the 
new scale compared with GDE, while the poor countries on the income scale 
obtain higher predictions on the new scale. Hence the actual gap between 
rich and poor countries is reduced. This shift is equivalent to having 
a bias in the relationship between GDE and the non-monetary indicators, 
as illustrated in Figure 6.2.
I. Evidence of the shift
Although most of the single variable regression equations 
described above possess satisfactory Durbin-Watson statistics, their res­
iduals nevertheless always display the systematic pattern illustrated 
in Figure 6.2. To examine these residuals further, we suggest the 
following procedure. The countries are ranked according to their level 
of GDE. They are then divided into three equal groups and the residuals 
obtained for each of these groups are summed. This yields consistently
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a positive sum of residuals for the group of richest countries and a 
negative sum for the group of poorest countries. (The total of the three 
partial sums being zero, the residuals of the middle group take either 
a positive or a negative value, usually smaller than either of the two 
other absolute sums.) In summary, the estimates are generally lower than 
exchange rate GDE for the rich countries and generally higher for the poor 
countries. This brings about a narrowing of the gap between the rich and 
the poor countries.
Furthermore, the biases in the individual regressions do not 
cancel each other upon aggregation of the various estimates: on the 
contrary these biases move in phases and reinforce each other. The 
aggregated estimate will thus present a similar bias, as shown in the 
figure below.
Figure 6.3
The Durbin-Watson statistics are significantly poorer and the 
bias described by the above test significantly greater in the case of the 
social indicators which are often represented by service indicators (e.g.
health and education).
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II. Possible causes for the shift
As is well known, systematic residuals such as those we have 
obtained can arise for a number of reasons (see e.g., Johnston (1972)). 
Hence, it is natural to see whether any conventional econometric explan­
ations are capable of clarifying their pattern.
(1) Form of the function
In many respects, the problem we have encountered is an
analogue to that of autocorrelated residuals in a time series context.
One such case occurs if the functional form is incorrectly specified.
For example, if a linear function is fitted when the real realtionship
is quadratic, the residuals will be autocorrelated. To test this
explanation, for each of the regressions, at least eleven different forms
are fitted (linear, semi-log, log-log, exponential and various forms of
quadratic and cubic). Since there is no economic reason favouring one
—2form over any other, the best equations in terms of R , D-W statistics 
and significance of the coefficients are chosen. However, it is soon 
obvious that this is not the inherent cause of the bias. Even very good 
equations, with high correlations and good D-W statistics, show some 
evidence of a faint bias in the direction described above, when tested by 
the residuals in the three groups.
However, the most convincing argument to reject the form of the 
function as the cause for the bias stems from the fact that whatever 
function is fitted, the bias is not eliminated and it always goes in the 
same direction. If the bias was due to the functional form, an exponential 
fit and a semi-log fit would have resulted in an opposite bias.
(2) The omitted variable
A second case in which the residuals may not be random appears 
if a systematically moving variable is incorrectly omitted from the 
regression, so that its effects are picked up residually. Indeed, if we
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conceive our single equation regressions as an attempt to explain GDE 
with only one non-monetary indicator, we are ignoring many other causes 
for GDE. In fact, we are ignoring all the other physical indicators com­
ponents of GDE. Furthermore, as they are usually increasing functions of 
GDE, they might be moving in phase and their effect should be felt in the 
residuals.
Consequently, by regressing GDE against a larger number of non­
monetary indicators, representing each one of the main components of GDE, 
we should correct for this possible form of bias. So we choose, as indep­
endent variables, energy consumption, passenger cars, radios, telephones,
school enrolment, hospital beds and calories from cereal and starch. We 
—2obtain a high R of .94 and a good D-W statistic of 1.87. A certain
amount of multicollinearity causes three out of the seven indicators to
be insignificant at the 5% level of significance. However, when the test
of summing up the residuals of the ten richest countries and the residuals
of the ten poorest countries is applied, the first sum happens to be positive
10 30
and the second sum negative ( £ u. = + 509 and £ u. = - 213). The bias
i=l 1 i=21 1
is still present.
(3) GDE versus consumption as dependent variable
It might be argued that our array of indicators is strongly 
biased towards the consumption indicators and that investment and govern­
ment expenditure are not properly represented. It is somehow true that 
these two sectors are only indirectly represented by indicators like 
steel, electric energy, school etc.
To test if this is a cause for the bias, we regress total food 
expenditure (Y^), i.e. a specific item within consumption, against two 
obvious components : calories from cereal and starch (X-^ ) and animal 
calories C ^ ) , two complementary indicators that somehow summarise the 
overall food consumption. Several forms of function are experimented
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with and the best form
log = a + b + c log
yields the following statistics,
R2 = .88 and D-W = 2.41.
Nevertheless, the sum of the residuals of the ten richest countries is
positive while the sum of the residuals of the ten poorest countries is 
10 30
negative ( £ u. = + 67 and £ u. = - 120). The bias still remains if 
i=l 1 i=21 1
some item of consumption expenditure is used as the dependent variable.
(4) Simultaneity problems
It is well known that the estimation of consumption-expenditure 
systems can be subject to simultaneous equations bias.1 This is particularly 
true as far as the aggregate consumption function is concerned. This 
bias is due to the fact that aggregate consumption is a major component 
of total expenditure and hence is determined jointly with it. Despite 
its apparent similarity it is unlikely that the simultaneous equations 
bias is strongly present in our model. First, we are dealing with non­
monetary indicators, rather than components of total expenditure; 
second, the indicators themselves are at a rather disagregated level. 
Consequently, this cause for a bias can probably be ignored.
(5) Size of the sample and range of the data
Two last possible sources of trouble will be succinctly
examined : the size of the sample and the range of the data. We have
already done some sensitivity studies on the size and the composition of
the sample to support the introduction of a balanced sample. A quick
glance at the regressions performed shows that with both the total sample
and the balanced sample this systematic bias remains.
In an effort to exhaust all the possible causes of the bias,
we single out the very wide range of the data as a possible explanation.
I Such biases have been described by Summers (1959) and by Liviatan (1961).
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Indeed, GDE varies from $90 to $4500, i.e. fifty-fold in our data. This 
might create heterocedasticity problems: the variance is not constant.
However, heterocedasticity problems do not introduce biased coefficients, 
but merely reduce the efficiency of the estimates. This is not the cause 
for the systematic bias observed in the results. Finally, a rather 
unusual explanation for systematic residuals is tested : the error in
the dependent variable.
III. The error in the dependent variable
We have just seen that whether we change the form of the 
function, add more variables, change the dependent variable, change the 
size of the sample and consider its range,the bias is still present. 
However, there is one circumstance common to all these tests. In all 
cases, we were regressing monetary indicators against non-monetary indi­
cators. The monetary indicators are weighted sums of the non-monetary 
indicators and the weighting scheme is the price system. In view of the 
many distortions (already discussed) inherent in the price system, we can 
expect these distortions to be reflected in the monetary indicators, but 
not in the non-monetary indicators. Could this be a cause for problems in 
the regressions?
(1) The econometric literature
We examined the literature to see if such problems had occurred 
in other contexts and how they were dealt with. Nerlove (1968) discovered 
elements of autocorrelation in a cross-section cost study of the electri­
city industry. He thought of two possible causes : first, some blending
of the long-run and the short-run functions, i.e. some error in the depen­
dent variable; and second, the assumption of constant elasticity being 
incorrect (he had fitted a log-log function) i.e., an error in the form 
of the function. Further tests proved that the second problem was the
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correct cause of autocorrelation in his cross-section series. However, 
the first possible cause he inquired into could be quite relevant to our 
case.
As Johnston (1972) mentions, "a disturbance term may also 
contain a component due to measurement error in the explained variable. 
This too may be a cause of serial correlation in the composite distur­
bance”. However, if the errors in the dependent or explained variable 
Y. are random, such errors would be absorbed in the residuals from thel
equation and would not cause any difficulties.
This can be illustrated as follows :
Suppose we have a functional relationship Y^ = f(X^) such that
*Y. = Y. + e. where e. is an error in Y. such thati l l  l l
E(e.) = 0 for all il
E(e.e.) = 0 for i ^ i13
?E(e.e.) = a for i = j
1 J £
i, j = 1,... ,n
Y. + e. = a + 3 X. + u.l i  l i
Y. = a + ß X. + (u. - e.)l i l l and we have
E(u^ + e^) = 0 for all i
E(u. + e., u. + e.) = 0 for i i J 3 i i j
, x 2E(u. + e., u + e.) = 0
i i J J u±+e± for i = j.
This fulfills the conditions for ordinary last squares to retain their 
BLUE properties.
However, Malinvaud (1966) mentions that if the variables are
affected by a systematic error (whether it is the endogenous or the
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exogenous variable), it would "affect the significance of the calculated
regression". He shows it in the following manner :
k
If we have Y. = a + ß X. + u. as the real relation, but wel l i
can only observe because of a systematic error in measurement e^
k
Y. = Y. + e. such thati l l
E(ei |xi; u^) = v Y + w
we can then define new variables Y. and X, and a new error e. such thatl i l
Y = Y. + e. andl l
E(e |x ; Uj) = 0.
Ä k
If we set Y^ = (1 + v) Y^ + w the new variable is the sum of the true 
variable and the systematic error in the corresponding observation and it 
obeys a simple regression model
where
and
Y. = a + ß X . + ul l
a = a(l + v)
ß = ß (1 + v) + w .
Such a bias would obviously be reflected in the residuals as 
serial correlation. We now consider if such a pattern fits our data.
(2) Specification of our error
It has already been mentioned that our regressions always had 
monetary variables as dependent variables and non-monetary variables as 
independent variables. We believe that it is reasonable to assume that 
most of the non-monetary variables are devoid of serious measurement errors 
since their calculation (essentially summing units) is straightforward. 
However, there is a possibility that some non-monetary indicators,
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especially the social indicators which are not gathered on a yearly basis, 
may be poorly measured. In such cases, if the resulting errors are un­
correlated with any error in GDE, they will cause a downward bias of the 
kind we are discussing. However, any measurement error in some indicator 
is also likely to be reflected by a corresponding error in GDE, so that 
the errors in the dependent and independent variables will tend to be 
highly positively correlated with one another. As a consequence, the 
downward bias, which would otherwise be caused by the error in the 
independent variable, tends to be offset. Thus no serious bias from this 
source will remain.
This can be illustrated in the following manner. Consider the 
two variable model
* *Y. = a + 3 X.l l
where
*Y. = Y. + V, x l i
X. = X. + u. .
In contrast to the traditional case which assumes u.l
in the present circumstances u^ and v^ are likely to 
correlated. Suppose
and v^ independent, 
be positively
v^ = Au_^  X > 0
we have
Y = a + 3 X. + (A - ß)u .
The covariance of X and the disturbance term which gives rise 
to the bias is
E [(A - ß)u2] = (X - ß)a2
2which is less than the covariance in the usual case (when it is Xo ).u
If X = ß this bias reduces to zero.
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If we can dismiss the errors in measurement in the independent 
variables, because they are reflected in the dependent variable, the 
errors in the dependent variable caused by monetary disturbances are 
unilateral and cannot be similarly dismissed. Furthermore, these errors, 
due to prices and exchange rate distortions, are likely to be systematic. 
Indeed, the most obvious example of such systematic distortions has 
already been considered. It is the distortion brought about by converting 
the GDE of various countries into US dollar GDE with the help of the 
official rate of exchange. For the reasons already discussed at length 
in Chapter II, we know that exchange rate GDE (converted in US dollars) 
consistently overestimates the purchasing power parity of the currencies 
of the poorer countries. Balassa (1964), David (1974) and Clague and 
Tanzi (1972) found empirically the existence of a relation between this 
bias and the level of income of a country. We will thus borrow one of 
their various specifications in order to measure the effect of such an 
error on our regressions.
For instance, these authors basically agree that, if the real
•kor purchasing power parity GDE for country i is Y^, and if we are able 
only to observe the exchange rate GDE or Y , the bias is A^, such that
Y.
A . = — < 1 (using US $ as base) (1)
1 Y.l
Balassa shows that A^ is a function of the relative level of productivity. 
So, following his example, we will choose purchasing power parity income
k
Y^ as the proxy for this variable, yielding
A. = f(Y*) . (2)
There is some empirical evidence that this bias is relatively more serious
in the case of the poorer countries. This would suggest a negative
krelation between A. and Y..l l
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In fact, we are choosing the simplest formulation for the bias. 
More complex formulations by David and by Clague and Tanzi have been 
described in Chapter II. However, these formulations are equivalent to 
the simplest one in one basic aspect: whatever the variable which
influences the bias, whether it is skill, natural resources, or product­
ivity, these variables are all highly correlated with real income. The 
bias will thus be indirectly related to real income and a similar econo­
metric problem will appear. A model of the bias will now be presented.
(3) Econometric model of the bias
Instead of the following true relation
Y. = a + ß X. + u.l l i
we observe
Y. = a' + ß' X. + u'i i (3)
According to Balassa (1964), Y^ and Y^ are related by
* (cf. equation (1))
where
(cf. equation (2)).
If we assume a linear relation between X. and Y.l l
* with b < 01X = a + b Y
so that
Y± = (a + b Y*) Y* (4)
■kSubstituting for Y^ in (3) yields
Y. = [a + b(a + ß X. + u.)] (a + ß X. + u.)l l i  l i
1
According to the empirical evidence cited above.
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aa + ba2 + (aß + 2baß)X^ + bß X_^  +
b ’
and hence
a' = aa + ba2
ßf = aß + 2baß
u ’ 2 2= bß Xt + •i
with bß2 2 XT < 0l
(5)
There are two major causes of bias in the regressions. First, 
a ’ and ß’ are biased estimates of a and ß respectively; second, we have 
an omitted variable of higher degree in the residual. These two conditions 
will certainly create serial correlation of the type we observed (often in­
dicated by mediocre Durbin-Watson statistics).
(4) Consequences of the bias 
\
We concentrate first on the problem created by an omitted 
variable of higher degree. Suppose that a linear relation is incorrectly 
fitted to a relation which is really quadratic, so that the equation
Y. = a' + ß' X. + u!i l l
is fitted instead of
Y. = a + ß X. + y X2 + u. .l i l l
It can be shown (see e.g. Theil (1971)), that the ordinary least squares
estimate of the slope coefficient ß of the linear equation will be biased,
with the magnitude of the bias being equal to y, the coefficient of the
m 3squared term, multiplied by —  , the ratio of the third over the second
moment around the mean;
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E(ß') = 3 + Y
The coefficient is a measure of skewness, 
negatively skewed like ours (it has a longer 
Y is positive
Y —  < 0 and we have m
3  >  3 ' •
so if the distribution is 
tail of small X.), and ifl
This bias can be presented graphically as follows:
a + ßx. + u
----0  /
These two scales are linked 
by the relation Y.=X.Y*
also u, + y X
Figure 6.4
Instead of fitting the quadratic, we are erroneously fitting the straight
2line by ignoring the term in X .
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When we were assuming a linear relation between Y and X, we 
2were omitting a term in X . We can now extrapolate this result to the 
other forms of functions we might have tried. Since, in order to display
kthe bias, we multiply the function chosen by a + b Y,, there will always 
be terms of higher or different degrees omitted. Furthermore, the more 
complex the relation fitted, the more numerous and complex are these 
omitted terms. For example, suppose the function fitted is quadratic.
We observe :
Y. = a’ + ß' X. + y 1 X2 + u!l i l l
instead of
Y * = a + ß X . + y X 2 +u. .l i l
From equation (4)
& &Y± = (a + b Y±) Y1
kand substituting for Y yields the fourth order equation
Y = [a + b(a + ß X± + y X2 + u )](a + ß X± + Y X2 + u±)
Y^ = a(a + ba)+ß(a + 2ba)X^ + (ay + bay + bß2 + bay)X2 
+2bßy X3± + ßy2 X^ + u .
It is thus evident why this inherent bias in our regressions 
will always prevent us from picking up the right curvature for the rela­
tion. Indeed, if we try to correct the bias, we find a fundamental 
difficulty. Returning to the linear case, from the equation
(a + bY*)Y* = a’ + ß’ X + u!! 
bY*2 + aY* - (a’ +ß' X + u\) = 0
we obtain
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o '  J»
-a + [a + 4b(a* + 3' X. + u')] 2l i
hence we must know a' and 3' beforehand in order to correct for the very 
bias in a' and 31- This kind of difficulty is familiar from other con­
texts in econometric estimation.
(5) Services and the bias
Finally, we note that the bias is much greater when the explan­
atory variable is a service rather than a good. Usher (1968) stresses 
that anything requiring a relatively large amount of labour is relatively 
cheaper in the poorer countries, hence the price level of services is 
depressed in the poorer countries. Also, services are not readily traded 
internationally for obvious reasons and thus represent the bulk of Balassa’s 
non-tradeables. It is because the price of the non-tradeables relative to the 
tradeables is much lower in the poorer countries, that Samuelson and 
Balassa explain the bias between exchange rates GDE and PPP GDE. So it 
is obvious that services of all kinds (health, education, etc.) will 
cause greater distortions in the regressions.
We now turn to the calculation of some rough estimates of the 
extent of the bias.
IV. Empirical attempts to estimate the extent of the bias
We decided to experiment further with one indicator only. We 
chose an indicator which has a reasonably good correlation with GDE, namely 
newsprint consumption. The results of the regressions, run with the 
balanced sample 2 (37 countries), are represented below :
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linear
semi-log
cubic
quadratic
log-log
exponential
log linear
R
.82
.60
.87
.83
.73
.69
.79
D-W
2.19
.83
1.46
2.07
1.29
1.17
1.51
The cubic has the best R , but its D-W statistics are not quite
as good as that of the linear equation. As we are investigating a bias,
we make a point of choosing for further examination, the equation yielding
the best D-W, i.e. the linear one.1 Its D-W value of 2.19 indicates that
the equation is satisfactory in terms of the randomness of the residuals.
However, the grouping of the residuals from the linear equation
into the three classes as above shows the existence of the usual bias:
12
for the 12 richest countries,
for the 13 middle countries,
and for the 12 poorest countries,
I «ii=l
25
i=13
37
l Gii=26
+ 2570
- 698
1871
The D-W statistics are not very sensitive to the bias we are 
encountering in our regressions. A possible reason for such insensitivity 
can be suggested: the D-W usually reflect errors in the form of the
function because such errors give rise to residuals that are correlated 
from one observation to the next. However, the bias in our estimate is 
not linked to a straightforward error in the form of the function. Its
1
The equation is y = 331.9 + .867 x
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causes are much more complex and its existence is demonstrated mainly in 
groups of observations. Consequently, the effect of such a bias on a 
residual to residual basis may not be distinct enough to be detected by 
such a crude measure as the D-W statistics.1
We will now check if the hypothesis about the systematic error 
in the dependent variable is, in fact, supported empirically. It was 
shown above that the errors, u^, always included an omitted variable of 
higher degree. In the simpler case developed above where the bias is 
linearly and negatively related to the real level of income, the residual, 
u!, obtained by our regressions is an estimate of the error
with
X2 + u.l l
b < 0 (cf equation (5)).
It would thus be interesting to test if there is any trace of a negative
2correlation between the and the X^. In the case of the linear regress­
ion between GDE and newsprint consumption presented above, the correlation
2between the residuals and the X^ is equal to -.08; although such a 
figure is by no means strongly conclusive, it does lend some support to 
our hypothesis.
We will now try to estimate, with four different methods, a
corrected value for the parameter b estimating the slope of a linear
regression equation. The uncorrected coefficients of the linear regression
/
equation were as follows:
Y. = 331.9 + .867 X. *l l
Furthermore, we must note that our observations are ranked along the 
dependent variable. The ranking along the independent variable, which 
is the relevant one for calculating the D-W statistics, might be 
slightly different.
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(1) Experiment with the residuals
The residuals, u^, are regressed against in order to get a 
very rough estimate of the extent of the shift. Although we are aware 
that such a regression could suffer from various biases, the rationale 
for this procedure can be seen from the following two graphs (Figure 6.5 
and Figure 6.6).
Y
X
Figure 6.5
bias
Figure 6.6
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The resulting equation is :
u\ = -224.063 + .181618 Y R2 = .18l i
(t=2.78) D-W = 2.65
The coefficients are significant and we conclude that the shift estimated 
by this method is equal to .182. Adding this value to the biased co­
efficient b yielded by the linear regression of Y on newsprint consumption
results in a corrected value b such that,K
b_ = .867 + .182 = 1.049 K
(2) Experiment with the Wald approach
A method to obtain an approximation for an unbiased slope 
estimate was developed by Wald (cf. Johnston (1963)). Following this 
procedure, the data, ranked along the dependent variable, is divided into 
two groups and the group means are computed for each variable. As we 
have 37 observations, we ignore the middle one.
Highest 18 observations Lowest 18 observations
Y = 2157 Y 2 = 332
X = 1945 X2 = 163
A
The Wald estimate, b^, for an unbiased slope is thus:
bW 1.024
and the extent of the shift thus estimated is .157.
(3) Experiment with the Bartlett approach
This procedure, also described in Johnston (1963), is only 
slightly different from the one just applied. Instead of breaking up the
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data into two groups, Bartlett divides the ranked data into three thirds 
and constructs his estimate with the help of the lowest and the highest 
thirds only, ignoring the middle group.
Highest 12 observations Lowest 12 observations
Y = 2593 Y3 = 226
X1 = 2362 X3 = 57
hence the Bartlett corrected estimate, b , is as follows :B
and the extent of the shift thus estimated is .160.
(4) Experiment with an instrumental variable
Instrumental variables are sometimes used to correct errors in 
the variable (cf. Johnston (1963)). Two regressions are performed with 
the help of the instrumental variable such that they are equivalent to 
the biased regression. The procedure is the following: first, the in­
dependent variable and second, the dependent variables from the biased 
regression are respectively regressed against the instrumental variable
Ii;
X. = a. + 3- I. + v.l l 1 l l (1)
and
Y. = a0 + B0 I. + w.x 2 2 l l (2)
the corrected slope coefficient, b^, is approximated by the following
ratio:
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However, the instrumental variable must be chosen very care­
fully in such a manner that it is
a) uncorrelated with the error u^, and
b) as highly correlated as possible with the true value of the 
erroneous variable.
In our study, we could choose as an instrumental variable, another non­
monetary indicator which has a specially good correlation with real income, 
i.e. an economic indicator. For example, energy consumption would fulfill 
the two conditions rather well. As it is a non-monetary indicator too, it 
will not suffer from the bias due to regressing monetary indicators against
non-monetary indicators in equation (1). Moreover, it is highly correl- 
—2ated with Y(R = .92) so the usual bias is minimized.
Substituting the numerical value, we obtain
ß 2
= .460 and iii—i
CQ.
so "I = 1.004 .
In conclusion, the four methods used t(
yield rather consistent results
biased estimate b
corrected b
by estimating shift bR
Wald estimate
b w
Bartlett estimate
A
bB
w/ instrumental var. bI
.867
1.049
1.024
1.027
1 We obtain the smallest correction with this method because the prime 
cause for the bias is still present, although to a lesser extent, in 
the second regression performed.
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V. Conclusions and economic implications
Because of a systematic error in the apparent income Y, all 
the regressions of Y against physical indicators are biased to a greater 
or lesser degree. The bias goes always in the same direction, that is, 
the b coefficient is consistently underestimated (whether it is a bias 
in b only or a bias in b created by an omitted variable of higher degree, 
or both).
However, the bias is explained by the fact that the apparent
kincome Y overestimates the real income Y of the richer countries rel­
atively to the poorer countries. Such a bias, resulting in an underest­
imate of b, has the following consequence; the estimates Y yielded by 
the regressions are consistently lower than Y for the richer countries
and higher than Y for the poorer countries, i.e. the gap between rich
- *
and poor countries is reduced and so Y is closer to the real income Y 
than Y was. Indeed, the bias in our regressions introduces a very inter­
esting self-correcting element. We can consider the independent variables 
as instrumental in correcting the inherent bias in the apparent or ex­
change rate income Y. Of course, the direction of the desired correction 
is known, but unfortunately the extent of it is not. However, we can
At
say that when all the estimates Y are aggregated,
l w Y
3=1 Y Y
Y ,
the resulting estimate Y will be a closer approximation of real income
kY than the apparent income Y.
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C
MULTIPLE REGRESSIONS
So far, the attempts to reconstruct GDE from NMI have been 
based on single regressions. However, it is of interest to experiment 
with multiple regressions as well.
I. Discussion and economic meaning
Whether we use single or multiple regressions, the basic 
reasoning underlying the method is similar. (See Section A.) We search 
for the best relation between GDE and the NMI and then use it to predict 
GDE or to correct GDE for the outliers. The advantage of using multiple 
regression analysis is obvious. The weighting will be determined auto­
matically by the coefficients obtained. Hence, there is no need to 
introduce an external weighting scheme. Unfortunately, there is an im­
portant drawback; if we use a small sample of countries, there is a 
limit to the number of independent variables that can be included without 
losing too many degrees of freedom.
II. Presentation of the results
GDE is regressed on nine NMI chosen so as to offer a general 
picture of the countries' level.1 The country sample is the balanced 
sample 1. The indicators and the results of the multiple regression are 
presented in Table 6.15. The coefficient of determination obtained 
(adjusted for degrees of freedom) is quite high, .97, and the Durbin- 
Watson statistics quite satisfactory, 2.03. However, out of the nine
1 Each of the nine categories of expenditure in the budget breakdown, 
presented in Table 5.4, is represented by one indicator.
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coefficients of the independent variables, five are not significant at 
the 5% level. It must also be noted that the bias described in the last 
section is still present. (The estimated values are presented in Table 
6.16.)
Ill. Weaknesses of the method
The causes for the loss of significance for the coefficients 
must now be described. As the explanatory variables are, for obvious 
reasons, not independent of each other, we run into a serious multi- 
collinearity problem. Indeed, with such interdependence the multiple re­
gression can handle only a very small number of variables yielding signif­
icant coefficients. Consequently, this approach defeats our original goal 
which was to predict an aggregate measure with the help of a specific 
sample of indicators representing each of its components. Also, from a 
logical point of view, it is not reasonable to accept the assumption im­
plied by the multiple regression, that all the information offered by the 
five variables which are not significant is already contained in the four 
significant variables. Finally, we must list the well-known econometric 
implications of multicollinearity,1 i.e. a general loss of precision 
reflected in large and highly correlated errors for the specific estimates; 
very large sampling variances for the coefficients; furthermore, changing 
our sample of data even very slightly leads to very drastic changes in 
the coefficients.
In conclusion, this method of multivariate analysis must be 
rejected because of its overwhelming weaknesses, and we must experiment 
with other multivariate methods which can handle a large array of variables 
that are not independent. Among these methods, the most straightforward 
one is principal components analysis. The next chapter will thus be devoted 
to experiments with this technique.
1 Cf. Johnston, (1963).
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Table 6.16
Predicted Values from Multiple Regression
Country GDE GDE
Rank 
on GDE
Change in 
Ranking
Swed en 3736 3236 1
Canada 3511 3107 2
France 2753 1962 7 -4
Norway 2626 2823 3 +1
West Germany 2607 2250 5
Netherlands 2178 2149 6
New Zealand 1984 2709 4 +4
Austria 1754 1877 8
Israel 1646 1557 10 -1
Italy 1569 1805 9 +1
Argentina 967 918 11
Greece 955 845 13 -1
Spain 870 910 12 +1
Chile 698 536 16 -2
Mexico 635 743 15
Portugal 574 800 14 +2
Columbia 372 371 18 -1
Turkey 364 322 21 -3
Peru 363 370 19
Brazil 361 384 17 +3
Iraq 343 370 19 +2
Syria 258 317 22
South Korea 229 226 23
Egypt 210 216 24
Sri Lanka 162 142 26 -1
Uganda 125 145 25 +1
Sudan 113 118 27
Nigeria 97 72 29 -1
India 91 103 28 +1
CHAPTER VII
COMPOSITE INDEX BASED ON PRINCIPAL COMPONENTS
Although very high correlation coefficients between GDE and 
the indices built with the help of regressions have been obtained, for 
several reasons, the methods are not entirely satisfactory. First, 
the single regressions method yields a bias which means that, instead 
of simply reflecting GDE, the new index is a corrected version of GDE. 
Although this is in itself a valuable contribution, our original aim of 
recapturing GDE with a specific array of indicators is not exactly 
achieved. Second, although we have stressed the weaknesses of the 
monetary measures, we are using a weighting scheme based on such monet­
ary aggregates. Third, the experiments with multiple regressions are 
unsatisfactory as multiple regressions yield significant weights for 
only a few indicators. As our original aim was to reconstruct GDE with 
the help of a very specific array of indicators, we cannot accept, for 
this purpose, a method that made the decision to reject any of these 
indicators on purely statistical grounds. Although we are aware that 
some NMI are more or less important, and thus should be allocated 
different weights, we do not want the method to decide that a specific 
NMI is insignificant on such statistical grounds alone.
Consequently, we have to search for another method of multi­
variate analysis which would allocate a different weight to each of our
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NMI, but which would also incorporate some information from each one of 
our NMI without discarding any. The obvious method which fulfills these 
requirements is principal components analysis.
A
PRINCIPAL COMPONENTS ANALYSIS
While single and multiple regressions have been traditionally 
the main econometric tools of analysis, principal components analysis 
(PCA) and its further development, factor analysis (FA), have provided 
psychology and sociology with a very important technique to analyse data.
As economic data are usually described in monetary terms and as the 
aggregate measures are known, there was little need for methods of analysis 
like principal components. Furthermore, strong assumptions exist as to 
the direction of the causality between the economic variables. On the 
other hand, the psychologist who wants to measure intelligence faces a 
much more difficult problem. There is no aggregate direct measurement 
presented in a specific unit for intelligence, but only a number of com­
ponents, each one measured in a different unit, and which, if aggregated, 
could represent intelligence as a whole. Only principal components and 
the related methods of factor analysis can cope with these types of 
situations.
Nevertheless, in a few instances, PCA and FA have been used in 
economics. The first and also the most frequent application of PCA in 
economics is as a secondary econometric technique, in order to avoid multi- 
collinearity. We have already mentioned in Chapter VI that if the inde­
pendent variables in a multiple regression are highly correlated, we face 
the problem of multicollinearity. However, PCA provides a method to 
transform a set of correlated variables into a new set of independent
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variables. Hence, by transforming the variables and replacing the new 
uncorrelated variables in the multiple regressions, the problem of 
multicollinearity can be avoided. The second instance recalls the very 
frequent problem faced by psychologists: some broad economic concepts
like welfare or development are not defined precisely and cannot be 
measured through the aggregation of a number of components all expressed 
in monetary terms. These broad concepts themselves do not possess a 
specific scale or a unit of measurement. Thus it is very difficult to 
compare the level of welfare or of development of various countries.
Hence, a number of studies using the tools provided by PCA or FA have 
been carried out in order to construct a composite index of development 
or of welfare (cf literature Chapter IV, Part I).
In our study, we plan to apply PCA in the two instances men­
tioned above. In this part, the use of PCA to avoid multicollinearity 
when aggregating a large number of intercorrelated variables to construct 
a measure for GDE will be experimented with. In Part III, the use of 
PCA to construct an index of welfare will be explored.
As PCA will play a considerably important role in the rest of 
this study, we must now pause to describe carefully PCA, to compare it 
to FA and to justify our decision to reject FA in favour of PCA.
I. Description of PCA
There are many approaches possible to an explanation of PCA 
and textbook presentations of the method can vary quite extensively. In 
his econometric textbook, Theil (1971) includes PCA in his chapter on 
matrix algebra and thus offers a mathematical approach. On the other 
hand, in his multivariate analysis textbook, Kendall (1957) offers a 
statistical approach and uses geometry and trigonometry in the development.
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In multivariate data analysis, Cooley and Lohnes (1972) offer a version 
geared to clarifying the computer programme presented afterwards. 
Statistical descriptions also are presented in textbooks on multivariate 
analysis by T.W. Anderson (1958), and by Morrisson (1967).1
(1) Presentation of the problem
If a dependence structure is described by a large number of 
variables and if there is no a priori pattern of causality among them, 
can the structure be reduced to a simpler form in such a way that most of 
the information imbedded in the original structure is still present? As 
the original variables are interdependent, the original structure 
obviously repeats to a certain degree the same information. It would 
thus seem that a more parsimonious description is possible. This is 
precisely the goal that PCA attempts to reach.2
In the case of two standardised variables and X^, a geomet­
rical description is the easiest way to demonstrate what PCA achieves.
If the two variables are uncorrelated, the swarm of observations will be 
scattered around the two axes of measurement as illustrated in Figure 7.1
Figure 7.1
1 For further reference see Finn(1974); Bolch and Huang (1974); Dempster 
(1969); Hope (1968); Horst (1965); and Krishnaiah (1966).
2 The two names associated with the development of the technique are
K. Pearson (1901) whose work on correlation analysis was the basis for 
Hotelling’s (1933) development of the method.
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If the two variables are perfectly correlated, the observations 
will all be situated on a straight line (going through the first and the 
third quadrants,if it is a positive correlation, and the second and fourth 
quadrants, if it is a negative correlation). Hence, this line describes 
perfectly the original structure which is thus reduced from two to one 
dimensions. (See Figure 7.2.)
Figure 7.2
Finally, if the two variables are positively or negatively 
correlated to some extent, but not perfectly, the swarm of observations 
will be scattered in an elliptical region as in Figure 7.3 and the 
direction of the major axis of the ellipse, PCI, will be governed by the 
sign of the correlation.
Figure 7.3
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If the observations are measured on the major axis of this 
ellipse (PC I), this new measurement will capture the largest portion of 
the joint variability of the original distribution of and and thus 
offers a first approximation for it. Hence, the original frame of refer­
ence, i.e. the X^ and X^ axes, can be replaced by the PC I axis only, 
and each observation can then be approximatively described with respect 
to PC I alone, thus a simplification of the original structure will have 
been achieved. The remaining part of the joint variability is incorpor­
ated in the smaller (minor) axis, PC II, of the ellipse where PC II is 
orthogonal to PC I. Principal component analysis is thus a method of 
deriving new measures along two new axes which are the two axes of the 
ellipse in such way that the share of the total variation measured along 
the longer axis is maximized. The mathematical approach to PCA may now 
be briefly described.
(2) Mathematical results^
Assume that a number of random variables X-,...,X have a multi-1 m
variate distribution with means y, ,...,y and covariance matrix E. If a1 * m
sample of n independent observation vectors is drawn from this population, 
they form a data matrix X (n x m)
X =
and the estimate of E is the sample covariance matrix S.
The first principal component, PC I, is that linear combination
PC I = a X± + + a , X ml m
1 Cf. Morrisson (1967).
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of the variables whose sample variance is maximised subject to the con­
straint of normalisation for the coefficient vector a, . ..... a . It11 ml
can be proven that 'aml are elements of the characteristic
vector corresponding to the largest characteristic root A^ of the co-
variance matrix; as the a.- are normalised, the characteristic root isll
the sample variance of PC I.
The second principal component, PC II, is that linear combin­
ation
PC II = a12 Xx + + a Xm
of the variables chosen in such manner that the remaining variance is
maximised subject to the normalisation constraint of the a^2 and also
subject to the further constraint that the a ^  and the a  ^are orthogonal.
As a result, the sample variances of the successive components are
additive and sum up to the total variance of the original observations.
The a10 .... a „ are thus the elements of the characteristic vector 12 m2
corresponding to the second characteristic root A^ of the covariance 
matrix. The sample variance of PC II is A2 and the total variance of the 
system described by our PC’s is thus
A, + A- + ... + A — tr S 1 2  m
where tr denotes the trace of the matrix.
Hence the importance of the respective components can be
Xi Aiappraised as the ratio of ^ o r  g-, and is often presented
1 m
in the form of such a percentage.
(3) Geometrical interpretation
Going back to the geometrical interpretation, let us assume a 
case with three variables, X^, and X^. The cluster of observations 
corresponding to the distribution can usually be delimited by an
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ellipsoidal shape1 with a long axis PC I and two smaller axes PC II and 
PC III. The orientation of PC I in relation to the three original axes 
can be defined by the three direction cosines of the angles a^, a  ^and 
between PC I and successively X^, X^, and X^. We thus have
2 2 2 (cos a^) + (cos a^) + (cos a^) = 1 .
If the longest axis, PC I, passes through the direction of 
maximum variance in the points, it can be proven that the cosine defining 
the direction of PC I are the elements of the characteristic vectors 
corresponding to the largest characteristic root of the observations co- 
variance matrix. The other two axes correspond to the contributions of 
the second and of the third PC in descending order of the corresponding 
characteristic roots. Hence, the principal components (PC) are the 
new axes of a rigid rotation of the coordinate system of the original 
observations to a new frame of reference corresponding to the directions 
of maximal variances. The original variables are thus described in terms 
of this new frame of reference.
Finally, it can be proven that the line representing the first 
PC is such that the sum of the squared distance between the observations 
and their projections on the line is minimised because these distances 
refer to the contribution of other components. In this sense, the first
1 Centred in 0 if we use deviations from mean.
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PC can be interpreted as a line of closest fit for the observations.1
1 In the case of two variables the difference between the two regression 
lines and the unique PC line can be readily shown on three graphs.
Regression Lines
x 2 = f ( x 1 )
PC Line
In each case something different is minimised. In the first and second 
case we know the direction of the lines where the distances must be 
minimised but it is not so in the last case.
In the first case, we minimise 
2 - X2)2
in the second case
I»! - xp2
and in the third case
where e^ are the perpendicular distances from the line.
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II. Discussion
The description of PCA in the previous section does not imply 
any specific assumptions about the form of the distribution of the 
population. Hence, the assumption of a multivariate normal distribution 
is not essential in the treatment of PCA. However, in order to describe 
the large sample properties of the coefficients, the assumption of an 
ellipsoidal contour of equal probability density should be made. Indeed, 
if tests of hypothesis and construction of confidence intervals for the 
population are to be performed, the assumption of normality for the 
population becomes crucial.
The second point, whether we should extract the principal com­
ponents with the help of the covariance matrix or with the use of the 
correlation matrix is more complex. This is a very important consideration 
as these two methods will yield for the PC very different results that 
are not linked by any simple relation (except when all the variances 
are equal). As Kendall (1957) points out "lines of closest fit found by 
minimising sums of squares of perpendiculars are not invariant under 
changes of scale".
If the original variables are all in the same unit, the co- 
variance matrix is a satisfactory approach. However, if the original 
variables are expressed in different units, the variables expressed in 
the smallest unit of measurement (i.e. the variables presenting the 
largest figures) will have the largest variances and will dominate the 
first PC. A change in the unit of measurement of any variable will alter 
the results.
This is indeed quite troublesome. In an attempt to prevent the 
variances from influencing the results by their mere size, the usual pro­
cedure is to standardise the data and to extract the principal components 
from the correlation matrix. As all the variances are made equal to 1,
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their size will not affect the results but, on the other hand, we trans­
form the original structure to obtain arbitrarily similar units of 
measurement. Consequently, the meaning of the PC extracted from standard­
ised data becomes more farfetched. The variance of the first PC extracted 
from a covariance matrix corresponds to the proportion of total variance 
of the original data explained by the first PC. The variance of the first 
PC extracted from a correlation matrix corresponds to a proportion of 
total variance of the standardised data, the latter being equal to the 
number of variables as each variance is 1. If our object is to explain 
the original data the first approach is indeed more meaningful than the 
second. Furthermore, in the case of PC extracted from a correlation 
matrix, the sampling theory supporting tests of hypotheses and construction 
of confidence intervals, is much more complex (cf. Anderson (1958)).
In conclusion, in case of dissimilar units for the variables, 
if we know a transformation that can render the variables commensurable1 
in such a way that the transformed variables still retain an economic 
meaning in their new form, then we can extract PC from the covariance 
matrix of the transformed variables. One transformation which is widely 
used in economics and which could satisfy the above conditions is the 
logarithmic transformation.2 In our study, we will thus experiment with 
both correlation matrices and covariance matrices derived from the original 
data and from logarithmically transformed data. However, we must first 
offer a general interpretation for PCA and contrast it to factor analysis.
1 We wish to obtain variances of similar magnitude.
2 In many cases, economic variables are more likely to have log log 
relations than linear relations.
183
III. PCA and FA - Various interpretations
PCA and FA will be considered in the specific context of our 
study, i.e. when dealing with social and economic variables reckoned in 
various units of measurement.
The first PC has been defined as the linear combination of the 
original variables that accounts for a maximum of their total variance; 
the second PC is another linear combination of the original variables 
that accounts for a maximum fraction of the residual variance left un­
explained by the first component and that is uncorrelated with the first 
PC. Each successive PC makes a smaller and smaller contribution. Hence 
the PC are naturally ranked by order of importance as measured by the 
variance accounted for by each of them.
Furthermore, the square of the coefficients of each variable1 
in the following expression
PC I all X1 + a21 X2 + + a Xm
measures the importance of the corresponding variable relative to the 
other variables in the corresponding principal component. It is thus 
possible to interpret the various principal components by analysing which 
variables are more or less important in the linear combination. However, 
as the first PC often explains the bulk of the total variance because of 
the variance maximisation involved, in practice the first PC is a general 
factor allocating weights of similar magnitude to all the variables. The 
rest of the components are usually referred to as bipolar factors, i.e. 
contrasting the variables with 4- and - signs. Furthermore, only very few 
PC pass the significance tests and one cannot decide beforehand upon the
1 i.e. the square of the elements of the characteristic vector 
corresponding to the principal component. We also know that
2 , 2 , , 2
all + a21 + * * * + aml 1.
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number of significant PC to expect.
Indeed, PC is a descriptive technique which does not permit 
the making of a decision based on a prior hypothesis. Furthermore, the 
principal components are usually difficult to identify. Hence, other 
methods were developed in order to extract "a single structure" from the 
principal components. These are the various factor analysis approaches, 
pioneered by Thurstone (1931) and described by Harman (1960,1967).
These FA methods perform on the PC matrix post-multiplication 
by orthogonal matrices (to retain the independence properties) in order 
to obtain weights which are in the vicinity of 1 or in the vicinity of 
0 and to avoid weights in the range between these two values. Thus, it 
is much easier to interpret the factors. A hypothesis is made beforehand 
as to the number of factors desired. As a result, the rotated factors 
lose the property of being ranked by order of importance in explaining 
the total variability. Unfortunately, FA lacks the rigour of PCA. The 
PC factorisation is unique because of the maximisations involved at each 
step; on the other hand, the methods developed by social scientists to 
rotate the PC axes into factors differ considerably, and pure statisticians 
have often looked down at these methods.
In conclusion, the choice between PCA and FA should be made 
with regard to our ultimate aims, which are twofold.
a) If we want to avoid the problem of multicollinearity by 
transforming our original data matrix into independent 
components, (as in Part II),the interpretation of these 
components is not needed. The important consideration is 
how large a proportion of the original variance we wish to 
capture. Principal components analysis is the relevant 
approach in such circumstances, and we can use more than one
component.
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b) If we want to build a single index out of a large number 
of variables representing some general concept, (as in Part 
III), PCA is again the best method because the first PC is 
general as it usually embodies the bulk of the original 
variance. Hence, we will be content to use PCA only through­
out our analysis.
B
AGGREGATION APPROACH WITH PCA
We have already stated that the main reason for using PCA in 
this part is to avoid multicollinearity. It is also of interest to com­
pare the results of a method that allots purely statistical weights to 
the variables with the results of the method developed in Chapter VI. 
This new approach and the new results obtained will now be presented.
I. The new procedure
The first sets of experiments performed use a data matrix 
without any missing data and the PCA is carried out using the correlation 
matrix. Then measured GDE is regressed against the first few PC. We 
include in the regression as many PC as we want without taking into 
account whether the PC's are statistically significant or not.1 We thus 
obtain predicted values for GDE which are comparable to those obtained 
with single regressions in Chapter VI. However, this new method offers 
a number of advantages.
1 If a significant root is less than 1, the PC programme automatically
and arbitrarily rejects it as not significant. Mathematically speaking, 
the PC corresponding to this root still carries some residual inform­
ation that could improve the fitting of the multiple regression. Hence, 
we believe that this arbitrary level of significance is not relevant 
in our specific approach.
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As shown above, the multiple regression between GDE and the 17 
original intercorrelated variables is plagued with multicollinearity.
But PCA can concentrate most of the information contained in the 17 
original variables into a few uncorrelated PC. A multiple regression 
between GDE and these few PC will thus possess certain qualities: the
number of independent variables is reduced, these variables are orthogonal, 
and each of the original variables is represented to some extent in the 
new variables.
Moreover, one could argue that the first PC, offering a 
synthesis of the 17 original indicators, is itself a good proxy for GDE. 
However, although the first PC contains the bulk of the information em­
bodied in the 17 PC, by adding the remaining information included in the 
second and in the third PC for instance, we can only improve this proxy 
measure of GDE. Such a step is possible only because the multiple re­
gression allows us to aggregate the various PC into a single predicted 
value for GDE. The results of the first sets of experiments will now be 
presented.
II. Results with the balanced sample 2
The first experiments with PCA are carried out with the balanced 
sample 2 (37 countries) and with the indication sample 2 (17 demographic, 
social and economic variables). The PC are first extracted from the 17 
variables, then from the 14 social and economic variables, and finally 
from the 6 economic variables. GDE and National Income are then regressed 
successively against the first few components.
In the very first experiment, the PC are extracted from the co- 
variance matrix and it is obvious that the magnitude of the weights 
allocated depends mainly on the size of the unit of measurement. This is 
illustrated in Table 7.1, which shows the elements a±1 of the characteristic
187
vector corresponding to the first PC extracted from the six economic 
variables.
Table 7.1
Elements of the First Vector Yielded by 
PCA on the Covariance Matrix of the Raw Data
Variable ail
.996
Range of the
Telephone 20 - 5683
Steel .113 6 - 662
Electric Energy .013 .27 - 116
Passenger Cars .007 .10 - 42
Energy .001 .10 - 10
Commercial Vehicles .001 .09 - 8
These results are obviously unsatisfactory. Hence we have to standardise 
the data and extract the PC from the correlation matrix. These results 
are presented in Table 7.2.
The first PC extracted from the 17 demographic, social and 
economic variables cannot be identified in a very specific manner. It is 
general and it allocates rather balanced weights to all the variables 
(these weights range between .276 and .195). The signs of these weights 
points to an overall positive correlation with GDE; all the indicators 
positively correlated with GDE have positive weights and those negatively 
correlated with GDE have negative weights.1 The first PC is, of course, 
significant and explains 69% of the total variance (A^/m = *69) of the 
standardised data. The second PC is also significant and explains 10% 
of the total variance = *098). It is a bipolar component contrast­
ing very accurately the social and demographic indicators with the
1 We know these results from previous single regressions run between 
GDE and these indicators.
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Table 7.2
Vectors and Characteristic Roots from Principal Component
Analysis with Balanced Sample 2
17 Variables School II
I
.276 School I
II
.399
Life Expec. .266 Physicians (-) .388
Demographic School I & II .262 Hosp. Beds (-) .289
Social Energy .259 School I & II .249
and Pass. Cars .259 Life Expec. .209
Economic Steel .258 Inf. Mort. (-) .203
Telephone .258 Fecundity (-) .165
Calories .251 Proteins .009
Comm. Cars .242 Calories .004
Proteins .239 School II .032
El. Energy .239 Steel .190
Fecundity (-).235a Comm. Cars .203
Inf. Mort. (-).224 El. Energy .234
Hosp. Beds (-).221 Telephone .258
Radio .219 Energy .266
Physicians (-).204 Pass. Cars .266
School I .195 Radio .300
h
17 .69
X2
17 " -098
significant significant
IIIb IV
School I .518 Calories - .447
Proteins - .411 Proteins - .499
Fecundity (+).384 Fecundity (-).330
Kj
17 .042 —  = 03917
not significant not significant
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Table 7.2 (Cont'd.)
I II
14 Variables School II - .302 School I .517
Pass. Cars - .293 Physicians (-) .416
Social Energy - .292 Hosp. Beds (-) .377
and Telephone - .289 School I & II .325
Economic Steel - .287 Calories .043
School I & II - .283 Proteins .036
Calories - .276 School II .006
Comm. Cars - .2 72 Comm. Cars - .159
Proteins - .261 Steel - .161
Radio - .252 El. Energy - .212
El. Energy - .252 Pass. Cars - .221
Hosp. Beds (+) . 239a Energy - .222
School I - .211 Telephone - .233
Physicians (+) .210 Radio - .244
A, K-692 z14 “ .107
significant significant
IIIb IV1
Proteins .632 Physicians (-).708
Calories .526 Hosp. Beds (+).549
Radio .358 School I - .317
X3
14 ■ -048
A4
14 .034
not significant not significant
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Table 7.2 (Cont'd.)
6 Variables
Economic
Variables
I
Pass. Cars - .425
Telephone - .422
Energy - .420
Steel - .412
Comm. Cars - .390
El. Enery - .377
ii
^1' .8426
significant
r2C II
88 El. Energy .784
86 Comm. Cars .542
90 Steel .242
83 Telephone .158
64 Pass. Cars .061
63 Energy
X2
~=- = .063 6
.060
not significant
Comm. Cars
III
- .702 Steel
IV 
. 726
not significant not significant
The signs in brackets correspond to weights attached to negatively 
correlated variables.
Only the largest elements are reported as the characteristic roots 
are not significant.
c 2R between GDE and each variable.
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economic indicators. Within the listing, similar indicators are also 
neatly grouped (demographic indicators, food indicators, health indicators, 
etc.). We will not discuss the meaning of the other PC as they are not 
statistically significant, but we still include them in the multiple 
regression as they contain some residual information.
The results obtained from the 14 indicators sample are quite 
similar as only the three purely demographic indicators have been removed. 
The first PC is general (A^/m = .692) and the second PC is a bipolar 
combination contrasting the social and the economic variables 
(A2An = .107). The weight ranking is only slightly changed and only the 
first two PC are statistically significant.
In the last experiment involving the six economic variables, 
the first PC explains a much greater share of the total variance of the 
standardised data (A^/m = .842) as the correlation between the six 
economic variables is much higher and in consequence only the first PC 
are statistically significant. It is also general and the indicators 
are allocated very similar weights.
In conclusion the PCA always yields a first PC which is general 
and the corresponding weights are correlated with the aggregate measure 
we are trying to reconstruct. The PCA also sharply distinguishes between 
economic and socio-demographic variables through the second PC. Finally, 
it is obvious that the economic variables are more highly correlated within 
themselves than the 17 demographic, social and economic variables taken 
together.
The next step in the procedure consists of regressing an 
aggregate monetary measure against the first few PC.
As we have no preconceived idea about the form of the relation 
between GDE and the first few PC, we experiment with various functions.
We first regress GDE and then log GDE against the components. The results 
are presented in Table 7.3. Although the experiments include up to five
on
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PC, no more than two usually yield significant coefficients in the re­
gressions .
In the case of the PC extracted from the sets of 17 and 14
variables, when the exponential form is used, the regressions against the
2first PC yields the highest R and this is not improved by the addition
of the second PC. (The inclusion of the second PC does improve the
Durbin-Watson statistics»however.) When the linear form is chosen,the
2regression against the first PC has a lower R and a poor D-W and is 
improved by adding the second PC. This effect can be readily explained. 
The first PC underestimates the social variables in favour of the economic 
ones (cf. the sign of the weights in the second PC). However, the form 
of the relation between GDE and the social variables is exponential (the 
social variables usually have saturation limits) . Hence, there are two 
ways to reinstate the influence of the social variables: either regress
log GDE instead of GDE against the first PC, or add to the linear regress­
ion the second PC which allocates positive weights to the social variables 
and negative weights to the economic variables.
Finally, the relation between GDE and the first PC extracted 
from the six economic variables is best described in a linear regression.
Sensitivity studies experimenting with GDE or with NI (National 
Income) as the dependent variable in the regressions are also carried out. 
Indeed, in all our experiments, although we refer to the concept of Gross 
Domestic Expenditure (GDE), we actually use Gross Domestic Product in 
purchasers' values (GDP) as the dependent variable. We believe that GDP 
in purchasers’ values is the closest available measure for the concept of 
GDE. Indeed, it is defined in the UN Yearbooks as: "the total of the
gross expenditure on the final uses of the domestic supply of goods and 
services valued at purchasers' values less imports of goods and services 
valued c.i.f.". However, on the other side of the ledger (as GDP is an
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accounting concept), GDP is defined as "the sum of the compensation of 
employees, consumption of fixed capital, operating surplus and indirect 
taxes, net, of resident producers and import duties".
The UN Yearbooks publish another aggregate, National Income1 at 
market prices, which differ from GDP in two respects. First, it does not 
include depreciation (hence it is a "net" concept), and second it includes 
compensation of employees as well as property and entrepreneurial income 
from the rest of the world and .substracts the above items paid to the rest 
of the world. Although our sample of 17 indicators does not achieve such 
a comprehensive description of GDE,2 it would seem that our indicators could 
be more closely related to NI than to GDP as they represent a concept of 
level of living. Thus we thought that, by using NI as the dependent 
variable, we might obtain better results, especially in the case of cer­
tain countries experiencing atypical pattern of depreciation or of foreign 
income.
In fact, by substituting NI for GDP/GDE in the regressions, the
2overall results (in terms of R and of D-W statistics) were not signific­
antly improved. However, we still hoped that the predictions might 
improve for a few atypical countries (see Table 7.4). Accordingly, we 
decided to appraise for the various countries the magnitude of the two 
items accounting for the difference between NI and GDP by computing the 
ratio NI/GDP. In the 37 country sample, this ratio varied between .84 
and 1.03. One country only, Liberia, had an atypical pattern with a 
NI/GDP ratio equal to .60. This can be readily explained: Liberia is
used as a flag bearer for huge merchant fleets actually owned and operated 
by non-Liberians. Since these shipping companies are registered as
1 It is different from the US National Income which does not include 
indirect taxes.
2 We have already pointed out that government and investment expenditures 
are only indirectly represented. We must add that international trade 
is represented in our sample as net imports rather than net exports.
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Table 7.4 
Part I
Predicted Values from
17 Variables
Equation 2PC 1PC
Form Linear expon.
Country Eq // 2 3
1 USA 4592 8626
2 Switzerland 2261 1950
2 Denmark 2375 2105
4 France 2212 2228
5 Australia 2689 2783
6 Norway 2605 2427
7 W Germany 2205 2227
8 Iceland 2082 1806
9 Netherlands 2229 2043
10 N.Z. 2598 2617
11 U.K. 2292 2081
12 Austria 2070 1904
13 Japan 2174 1917
14 Israel 1447 1136
15 Ireland 1522 1296
16 Venezuela 847 593
17 Argentina 1312 1039
18 Greece 1038 983
19 Spain 1241 923
20 Chile 656 551
21 Panama 621 536
22 Jamaica 578 519
23 Costa Rica 441 487
24 Colombia 271 319
25 Peru 395 411
26 Ivory Coast 257 161
27 Dorn Republic 174 356
28 Liberia 150 169
29 Honduras 193 293
30 Sth Rhodesia 340 322
31 Algeria 197 227
32 Tunisia 278 311
33 Egypt 460 335
34 Sri Lanka 292 385
35 Kenya 317 259
36 Sudan 169 126
37 India 75 149
R2 .94 .90
D-W 1.13 1.34
Regressions of GDE on PC
14 Variables 6 Variables
2PC 1PC 1PC GDE
linear expon. linear
6 7 10
4623 11807 4505 4541
2241 1863 2360 2926
2343 2005 2511 2859
2210 2175 2127 2753
2708 2970 2931 2709
2594 2489 2870 2626
2207 2232 2202 2607
2057 1679 1986 2178
2225 1979 2156 2195
2624 2782 2690 1984
2284 2057 2319 1979
2073 1865 1960 17 54
2153 1819 2253 1660
1432 1024 1244 1646
1521 1209 1216 1182
845 572 913 977
1318 1002 939 967
1018 837 705 955
1204 794 1072 870
675 555 608 698
621 508 598 683
546 464 568 643
475 490 483 505
293 330 401 372
407 406 387 363
282 203 329 333
161 326 305 332
216 218 304 307
180 278 291 269
427 398 501 263
187 232 359 255
304 339 339 236
517 373 272 210
257 337 254 162
215 213 251 135
138 132 216 113
75 160 229 91
.94 .90 .94
1.18 1.19 1.48
196
Table 7.4 
Part II
Predicted Values from Regressions of NI on PC
17 Variables 14 Variables 6 Variables
Equation 2PC 1PC 2PC 1PC 1PC NI/GDE W1
Form linear expon linear expon linear
Country Eq * 14 15 18 19 21
1 USA 4121 7729 4148 10516 4038 .91 4110
2 Switzerland 2023 1746 2006 1665 2113 .90 2647
3 Denmark 2126 1885 2097 1791 2248 .92 2624
4 France 1977 1995 1975 1943 1904 .90 2474
5 Australia 2408 2492 2424 2652 2625 .90 2437
6 Norway 2333 2236 2323 2223 2570 .86 2264
7 W Germany 1972 1994 1973 1993 1971 .89 2325
8 Iceland 1862 1617 1840 1501 1111 .84 2005
9 Netherlands 1994 1830 1990 1768 1929 .92 1845
10 N.Z. 2326 2344 2349 2484 2409 .91 1805
11 U.K. 2050 1863 2044 1837 2076 .93 1842
12 Austria 1851 1705 1853 1667 1754 .89 1568
13 Japan 1945 1716 1926 1625 2016 .86 1433
14 Israel 1291 1017 1278 916 1111 .89 1473
15 Ireland 1358 1161 1356 1081 1086 .95 1121
16 Venezuela 754 531 752 512 814 .85 834
17 Argentina 1170 930 1175 896 837 .93 898
18 Greece 922 879 904 749 627 195 911
19 Spain 1107 826 1074 711 956 .93 805
20 Chile 581 493 597 497 540 .89 620
21 Panama 550 480 549 455 531 .88 599
22 Jamaica 511 464 482 415 504 .88 567
23 Costa Rica 387 436 417 439 428 .92 467
24 Columbia 237 285 257 296 355 .90 333
25 Peru 348 367 358 363 342 .91 329
26 Ivory Coast 231 144 254 182 289 190 301
27 Dorn Republic 149 318 137 292 268 .93 309
28 Liberia 134 151 193 195 267 .60 185
29 Honduras 167 262 157 249 255 .97 261
30 Sth Rhodesia 300 288 376 356 444 .91 240
31 Algeria 174 203 166 208 317 1.03 263
32 Tunisia 244 278 267 304 299 .91 215
33 Egypt 409 299 460 334 239 .95 199
34 Sri Lanka 255 344 224 302 223 .95 150
35 Kenya 281 232 193 191 219 .90 122
36 Sudan 154 112 129 119 188 .91 103
37 India 67 133 69 143 200 .95 86
R2 .94 .91 .94 .90 .94
D-W 1.20 1.39 1.26 1.32 1.52
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Liberian, they account for huge depreciation for the ships plus huge 
operating costs paid to foreigners. Both of these items are included in 
the Liberian GDP. As a result, our 17 indicators performed much better 
in predicting NI than in predicting GDP in this sole instance.
In conclusion, the case for using NI instead of GDP was not 
strong enough to adopt NI for all the experiments, as we obtained a sub­
stantial improvement in only one case out of 37. Moreover, our methods 
did classify Liberia as a freak and automatically corrected its GDP/GDE 
into a better estimate.
C
SPECIFIC PROBLEMS OF AGGREGATION WITH PCA APPROACH
Three questions will be raised: the treatment of the missing
data, initial transformation and linearisation of the variables, and 
finally, the choice between using the covariance matrix or the correla­
tion matrix. This section will describe experiments with the balanced 
sample 1 (30 countries) and the indicator sample 1 (16 indicators).
I. The treatment of the missing data
(1) discussion
A great number of countries have some observations missing. For 
instance, if we survey 125 countries, out of the 26 indicators considered 
in this section, only 28 countries have data on the 26 indicators, 65 
countries have data on only 25 indicators, 87 countries on 24 indicators, 
100 countries on 23 indicators, 106 countries on 22 indicators, 117 
countries on 21 indicators and 121 countries on 20 indicators. Moreover, 
the more developed countries are more likely to have statistics on a 
larger number of indicators than the less developed countries (LDC) .
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For instance, the four countries offering data on 20 indicators only 
are Kuwait, Libya, Saudi Arabia, and Somalia. The missing data must 
thus be carefully handled in order to avoid introducing some distortions 
in the results. We will present and discuss two different approaches.
In order to calculate the principal components, a correlation 
matrix is computed with all the data available; i.e. a coefficient of 
correlation is computed for every pair of variables with all pairs of 
observations available on these variables. If x. and y. are two stand-l J l
ardised variables and if these two variables have n observations in 
common, the coefficient of correlation is;1
n-1
At this stage, it is not likely that the roots or that the 
elements of the vectors (or weights) are seriously distorted.
Two procedures are now possible in order to calculate the 
principal components with missing data. The matrix of the weights 
corresponding to the number of PC retained is multiplied by the standard­
ised data matrix. If the missing variable, k, is represented by a blank 
or by zero, we will obtain the following result for the jth PC correspond­
ing to country i:
PC. . = x ^ w .  . + x . 0w_. + ... + X . . W .  , + ... + x . w . ij ll lj i2 2j lk kj im mj
Countries i = l,...,n 
Variables j = l,...,m
where, with x ^  missing, = 0. This is equivalent to replacing
1 Note that the cross-product is divided by n-1 instead of n for the 
following reason: the n observations are considered as a sample from
a larger population of N countries and, to be unbiased, the statistics 
must be divided by n-1 rather than by n. (Cf. Anderson.)
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the missing observation by the mean of the variable, as the variables 
are standardised. This will introduce some distortions into the overall 
results because the missing data usually correspond to a LDC and its score 
will thus be generally overstated. (We must note that the extent of the 
bias will also depend upon the composition of the sample: it will be more
severe with a balanced sample than with a comprehensive sample.)
A more satisfactory approach would be to use for each country 
the information contained in its available indicators in order to predict 
its missing indicators. The weights yielded by the PCA could be used to 
appraise the relative importance of the indicators. In fact, it was 
stated above that the vectors have unit length and that the square of the 
elements can be interpreted as measures of the relative importance of the 
variables. Hence, we have:
2 2 2 2W- . +  w„. + ...+ w, . + ...+ w .= 1 lj 2j kj mj
If x ^ is missing, the sum squared of the weights corresponding to the
2available data becomes 1 - w, . (which is smaller than 1) and the correctedkj
PC becomes:
x w + x w0. + ll In i2 2,i + Xik-lVk-l,j + Xik+lWk+lj + + x . w . im mj
* • • 13 1 - wkj
In conclusion, the two approaches contemplated consist respect­
ively of replacing the missing data by the mean of the variable or by a 
value specific to the country involved. We obviously favour the second 
one.
(2) Results with the balanced sample 1.
The PC are extracted from the correlation matrix constructed 
with the incomplete data in the manner described above. They are presented 
in Table 7.5. The first PC is general while the second PC contrasts the
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Table 7.5
Vectors and Characteristic Roots from Principal Component Analysis
with Standardised Data
aI R* 2 II
Textile .283 .86 Physicians (-) .512
Energy .280 .93 Cinema .512
Steel .277 .93 School I & II .388
Animal Calories .276 .78 Hospital (-) .212
Calories from (-■).275 .74 Average Dens. (-) .145
Cereal & Starch 
Cars .273 .87 School II .115
Telephone .273 .85 Calories from (-) 
Cereal & Starch
.069
Newspaper .272 .76 Radio .073
School II .268 .67 Newspaper .104
Average Dens. (-0.255 .56 Animal Calories - .108
Radios .245 .71 Textile .141
School I & II .242 .46 Steel .150
Electric Energy .235 .65 Telephone .174
Hospital (-0.182 .26 Energy .178
Physician (-0.182 .20 Cars .200
Cinema .113 .07 Electric En. .263
-71
significant
1 6 - -°9 
significant
Hospital (-).754 
Cinema - .445 
Average Dens. (-).306
Cinema -.639
_J3
16 .06
.264
Physician (-).481 
School I 
& II
School II .239 
Aver. Dens(+).233
—  = 0416 ,U4
Radio -.782 
School II .382 
Average ( .
DensityV ’ 
Physician(+).260
it - -03 *
not significant
a The signs in brackets correspond to weights attached to negatively 
correlated variables.
2b R between GDE and the respective variables yielded by linear
regressions.
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social and the economic variables. Together they account for 80% of the 
total variance of the standardised data. The next step is to regress 
GDE against the first few PC’s. However, in order to experiment with the 
log log and the semi-log functions, we must transform the PC beforehand.
This is necessary because the principal components are not all positive 
and we cannot take logarithms of negative numbers.
It is possible to cope with this difficulty by adding a constant 
to the principal component vectors so that all the numbers become positive.1 
This is equivalent to shifting the OY axis to the left until all the 
observations on the independent variable are in the positive quadrant (see 
Figure 7.4).
Figure 7.4
The results of the regressions are presented in Table 7.6, and
the country-by-country predictions in Table 7.7. The linear and the semi-
— 2log function or a combination of both yield the best results. R hovers 
around .95 which is quite satisfactory. However, as the first PC explains 
only 71% of the total variance, further experiments are necessary to see 
if this result can be improved by transforming the variables beforehand.
1 This step can be justified by the fact that the principal components 
are relative measures.
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Table 7.7
Predicted Values 
from Regressions of GDE on PC
GDE Y 1PC30 Y 2PC30 Y 2PC30
Form Semi log Semi log Linear
Number 7 8 2
Sweden 3736 3866 3933 3510
Canada 3511 3124 3212 3217
France 2753 2006 1982 2095
Norway 2626 2699 2762 2875
W Germany 2607 2461 2476 2557
Netherlands 2178 2240 2267 2433
N.Z. 1984 2603 2604 2610
Austria 1754 1945 1911 2016
Israel 1646 1268 1200 1286
Italy 1569 1313 1290 1458
Argentina 967 1104 1058 1164
Greece 955 902 814 817
Spain 870 1175 952 820
Chile 698 670 618 618
Mexico 635 492 484 495
Portugal 574 877 806 830
Colombia 372 474 458 447
Turkey 364 371 338 250
Peru 363 452 406 333
Brazil 361 525 482 444
Taiwan 349 412 398 364
Iraq 343 364 402 448
Syria 258 397 427 470
Sth Korea 229 264 273 209
Egypt 210 317 319 269
Sri Lanka 162 320 291 185
Uganda 125 64 142 99
Sudan 113 - 39 104 145
Nigeria 97 -203 - 13 28
India 91 36 100 8
R2 .95 .95 .95
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I I . P rob lem  o f  l i n e a r i s a t i o n  
(1) D iscu ssio n
I f  we c o n s id e r  t h e  w e ig h ts  c o r r e s p o n d in g  t o  t h e  second  PC, i t  
becomes o b v io u s  t h a t  t h e  c o n t r a s t  be tw een  s o c i a l  and economic v a r i a b l e s  
s tem s  from  th e  f a c t  t h a t  t h e s e  v a r i a b l e s  have  a d i f f e r e n t  form  o f  r e l ­
a t i o n  w i t h  t h e  m easu re  we want to  r e c o n s t r u c t ,  i . e .  GDE. I t  h a s  a l r e a d y  
b een  n o te d  t h a t  t h e  economic v a r i a b l e s  t e n d  to  have  l i n e a r  r e l a t i o n s  w i th  
GDE w h i l e  th e  s o c i a l  v a r i a b l e s  a r e  more l i k e l y  t o  have  c u r v i l i n e a r  
r e l a t i o n s  w i t h  GDE b e c a u s e  th e y  o f t e n  r e a c h  s a t u r a t i o n  a t  h ig h  l e v e l s  o f  
GDE. C o n s e q u e n t ly  i f ,  b e f o r e  i n c l u d i n g  th e  v a r i a b l e s  i n t o  t h e  PC a n a l y s i s ,  
we t r a n s f o r m  them i n  such  a way t h a t  th e y  a l l  become more l i n e a r l y  r e l a t e d  
t o  GDE o r  to  lo g  GDE, we sh o u ld  be  a b l e  t o  c a p t u r e  a much g r e a t e r  s h a r e  
o f  t h e  t o t a l  v a r i a n c e  w i t h  t h e  f i r s t  PC. (N ote  t h a t  we now r e f e r  to  t h e
t o t a l  v a r i a n c e  o f  t h e  t r a n s fo r m e d  and s t a n d a r d i s e d  d a t a  m a t r i x . )
2
I n  T a b le  7 . 8 ,  we show t h a t  t h e  a v e ra g e  R be tw een  GDE and each
o f  t h e  16 i n d i c a t o r s  i s  .64 f o r  t h e  l i n e a r  r e l a t i o n s ,  .7 9  f o r  t h e  lo g  lo g
2
r e l a t i o n s ,  .7 1  i f ,  f o r  each  i n d i c a t o r ,  t h e  form  y i e l d i n g  th e  h i g h e s t  R ,
w h e th e r  l i n e a r  o r  s e m i - l o g ,  ( c a s e  A) i s  s e l e c t e d ,  and f i n a l l y  .81 i f ,  f o r
2
e a ch  i n d i c a t o r ,  t h e  form  y i e l d i n g  t h e  h i g h e s t  R , w h e th e r  lo g  lo g  o r  
e x p o n e n t i a l  ( c a s e  B) i s  s e l e c t e d . 1 The r e a s o n s  f o r  p r e s e n t i n g  combin­
a t i o n s  o f  su c h  form s o f  f u n c t i o n s  a r e  t h e  f o l l o w i n g .  When c h o o s in g  th e  
t r a n s f o r m a t i o n s ,  we a r e  c o n s t r a i n e d  i n  two r e s p e c t s .  F i r s t ,  we can  
r e t a i n  o n ly  t h e  s im p le  r e l a t i o n s  a s  we do n o t  w ant t o  add v a r i a b l e s  to  
t h e  d a t a  m a t r i x .  S econd , we a r e  c o n s t r a i n e d  w i th  r e g a r d  to  t h e  com pat­
i b i l i t y  o f  t h e  t r a n s f o r m a t i o n s  a s  e i t h e r  GDE o r  lo g  GDE c a n  be  r e g r e s s e d  
a g a i n s t  t h e  PCs. H ence , we can  e i t h e r  a d o p t  l i n e a r  and s e m i - lo g  t r a n s -
1 We a c t u a l l y  u se  GDE o r  lo g  GDE a s  a means o f  r e f e r e n c e  t o  a s s e s s  t h e  
i n t e r c o r r e l a t i o n  be tw een  th e  v a r i a b l e s .
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Table 7.8
R2 Between GDE/Log GDE and the Various Indicators
linear log log
Steel .93 .93
Energy .93 .91
Electric QDEnergy • OJ
Passenger .87 . 91Cars
Newspapers .76 .81
Cinema .07 .51
Radio .71 .74
Telephone .85 .94
School I and clq
II • 40 • d o
School II .67 .65
Physicians .20 .75
Hospital beds .26 .74
Animal 7 Q o/,
Calories • / O • 04
% Calories fr.' .74 .87C er.& St.
Average .56 .68Density
Textile .86 .88
2Average R .64 .79
with GDE Log GDE
Best Relations
linear .93 log log .93
linear .93 log log .93
semi-log .74 log log .90
linear .87 log log .91
linear .76 log log .81
semi-log .23 log log .51
linear .71 log log .74
linear .85 log log .94
linear .46 Expon. .72
linear .67 Expon. .77
semi-log .46 log log .75
semi-log .61 log log .74
linear .78 log log .84
semi-log .83 Expon. .86
semi-log .65 log log .68
linear .86 log log .88
.71
GDE
.81 
Log GDE
Note: The School indicators experience the worst deterioration in their
R^ from best relations to a log log relation.
206
formations or log log and exponential transformations as compatible 
mixes. The first alternative corresponds to transforming solely the 
variables which have a semi-log relation with GDE into logarithms and 
regressing GDE against the PCs thus obtained. The second alternative 
corresponds to transforming solely the variables which have a log log re­
lation with GDE into logarithms and regressing log GDE against the PCs
2thus obtained. As this last case has, by far, the best average R with 
GDE, we shall only experiment with this approach.
In conclusion, by simply transforming each variable into its 
logarithm, and by performing PCA to these logarithms, we should be able 
to improve the overall results. The results will only be slightly re­
fined by using the best relation approach (case B).
(2) Results with balanced sample 1.
The results of the PCA performed on the 16 logged variables and 
on the 151 ’’best relation" variables are presented in Table 7.9 and Table 
7.10. The first PC now embodies respectively 83% and 86% of the total 
variance of the transformed and standardised variables and the first two 
PC explain more than 90% of the total variance in both cases.
As in the preceeding experiment, the first component yielded 
respectively by these two PCA is general and the second component is bi­
polar. However, the interpretation of the second component is now quite 
different. Indeed, by logging" all the variables, we have blurred the 
contrast between social and economic variables and the contrast is now on 
a different level: it distinguishes between cultural2 and material life.
In Table 7.9, the group representing material life is further divided into
1 We drop cinema which always yields the lowest R .
2 We can readily consider physician as a proxy for Illrd level education 
in this context.
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Table 7.9
Vector and Characteristic Roots from Principal Component Analysis 
with 16 Standardised Logged Variables
I a R2 b II III
Telephone .270 .94 Aver. Dens. (-).365 Hosp. Beds (-).412
Energy .266 .91 Cer.C & St (-).333 Aver. Dens. (—).382
Steel .264 .93 Hosp. Beds (-).319 Cinema .258
El. En. .264 .90 An. Cal. .255 School II .230
Newspapers .261 .81 Pass. Cars .221 School I & II .212
Cars .260 .91 Textile .081 Pass. Cars .128
Textile .257 .88 El. En. .033 Physicians (-).125
Physicians (-).251 .75 Telephone .025 Newspapers - .037
Cal. fr C. 
& S.
(-).249 .89 Steel .009 Cal. Cer. & (+).052 
St.
An. Cal. .248 .84 Energy - .086 Telephone - . 068
School II .246 .65 Radio - .101 El. En. - .087
Radio .240 .74 Newspapers - .181 An. Cal. - .139
School I & 
II
.235 .58 Physicians (+).206 Steel - .156
Hosp. Beds (-).235 .74 School II - .260 Energy - .241
Aver. Dens .(-).234 .68 School I & 
II
- .409 Textile - .349
Cinema
X
.214 .51 Cinema
X
- .451 Radio - .494
X
1 _ 
16 83
2
16 .07 i t  - -025
significant
16 = .02
significant
X5
16
not significant 
= .018
not significant
a The signs in brackets correspond to weights attached to negatively 
correlated variables.
b R.2 between GDE and the respective variables yielded by log log regress­
ions .
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Table 7.10
Vectors and Characteristic Roots from Principal Component Analysis 
with 15 Transformed and Standardized Variables
I a R2 b II III
Telephone .274 .94 Aver. Dens. (-).480 School I & II .433
El. En. .268 .90 Cal. C & S (-).338 Radio - .418
Steel .268 .93 Hosp. Beds (-).323 School II .387
Energy .268 .91 An. Cal. .279 Aver. Dens. (-) .359
Cars .266 .91 Cars .229 An. Cal. .343
Textile .262 .88 El. En. - .008
Newspapers .261 .81 Telephones - .024
Hosp. Beds (->.256 .82 Steel - .056
Cal C & S (-).256 .86 Textile - .059
An. Cal. .255 .84 School II - .068
School II .254 .77 Energy - .207
School I & .251 .72 Physicians (+).274
II
Physicians (-).251 .75 School I & - .295
II
Radio .248 .74 Radio - .313
Aver. Dens. (->.237 .68 Newspapers - .325
h  .
15 86
X
2
15 05
X
i f  ■ -03
significant not significant
a See Table 7.9 note a.
b between GDE and the respective variables yielded by the best 
regressions.
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variables corresponding to its economic features and variables correspond­
ing to its social features.
The rest of this experiment is carried out with the PCA yielded
by the 16 logged variables only. Log GDE is regressed against the first
few components and the results offer a definite improvement over the
2previous method (see Table 7.11). The first PC obtains an R of .95 with
—2log GDE and the first two PC an R of .97 with log GDE. The country-by­
country predictions are presented in Table 7.12.
However, we were disturbed by the fact that the variables were 
first transformed and then standardised; we were thus working with a matrix 
which was two steps removed from the original data matrix. Indeed, through­
out the previous experiments we have always extracted the PC from the 
correlation matrix although we had stated in the exposition of PCA that 
it was more desirable to obtain PC with the help of the covariance matrix.
We thus decided to inquire into ways of avoiding the standardisation step.
Ill. Problem of standardisation
(1) Discussion
Originally we used the correlation matrix because our variables 
have very dissimilar variances as they are expressed in different units.
The size of the variance has an impact on the weights that will be allo­
cated to the variables in the components. To cancel this effect the 
easiest approach consists of standardising the variables. All the variances 
are then equal to 1 and the weights become highly dependent on the correl­
ation between the variables. As a consequence, the variable with the 
highest average correlation with all the other variables will generally 
obtain the highest weight. As correlation coefficients are not dependent 
of the units, this solution is satisfactory in the sense that the weights 
are now independent of the units too.
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Table 7.12
Predicted Values from Regressions of GDE on PC
GDE Y 1PC30 Y 2PC30 Y 3PC30
Form expon. expon. expon.
Number 4 5 6
Sweden 3736 2949 3373 3491
Canada 3511 2673 3295 3687
France 2753 1917 2005 1997
Norway 2626 2311 2568 2648
West Germany 2607 2243 2423 2544
Netherlands 2178 1965 2195 2417
New Zealand 1984 2365 2630 2490
Austria 1754 1987 2057 1963
Israel 1646 1349 1210 1228
Italy 1569 1366 1431 1376
Argentina 967 1114 1091 1119
Greece 955 908 843 773
Spain 870 1201 1099 969
Chile 698 563 581 578
Mexico 635 500 429 494
Portugal 574 834 818 719
Colombia 372 435 419 429
Turkey 364 330 278 291
Peru 363 414 347 330
Brazil 361 474 497 429
Taiwan 349 448 339 364
Iraq 343 326 337 378
Syria 258 333 296 354
South Korea 229 303 223 243
Egypt 210 273 272 276
Sri Lanka 162 213 198 153
Uganda 125 100 132 134
Sudan 113 88 110 115
Nigeria 97 49 66 67
India 91 123 116 113
R2 .95 .97 .97
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Unfortunately by doing so, we lose the information on the rela­
tive relations between the original variables. Similarly in a single 
regression, if we standardise the variables, the slope coefficient becomes 
equal to the correlation coefficient
and some information is thus lost.
In a single regression, the slope coefficient is rather meaning­
less if the variables are expressed in different units, however if the 
variables are logged it can be proven that the slope coefficient between 
the logged variables is the elasticity dY/dX . X/Y which is independent of 
the units; it is generally admitted that the elasticity provides an inter­
esting piece of information about the relationship of the two variables.
If we consider the case of PC extracted from the covariance 
matrix of two logged variables X^ and X^, the elements w^ and w^ of the 
first characteristic root are such that
with
Y.-Y
2 2= cos z1
and 2 2 w2 = cos z2
cos z^ and cos z2 determine the position of the first PC line vis-a-vis 
the two previous reference axes log X^ and log
213
We thus
hence
of log
log X
PC line
log X
Figure 7.5
have
2 2 . 2 . 2cos 1-cos z^ s m  z^ ^
~2 "  2 2 2 “  t g  Z1 w^ cos z^ cos z^ cos z^
+- tg Z ± .
If we now consider the regression line yielded by the regression
2^ and log X^ we have the following
log X Regression line
log X
Figure 7.6
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tg x
i.e. the elasticity which is independent of the units.
We want to find out now if there is any connection between tg z^ 
2 2and tg x. If and o^ are the respective variances of log and log X^, 
if p is their correlation coefficient and n the number of observations,
the root A corresponding to the first principal component extracted from 
the covariance matrix is given by the following formula
a k r 2 2 ^ J 7 T T X 2  , 2 2,- 2 ~A = 5 [a + a2 + v (a1+a2) “ ^aia2 d ”P
(cf. any multivariate analysis textbook) 
2
2 2 
°1 + °2
it can also be shown that
tg z
2 , 
_ ^2 = gl ~ X
1 P°1a2
P2 = l
2 , 2
°1 + a2
Conversely in the regression analysis described above
tg x
pa1a2
(cf Johnstone (1972))
tg x
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Hence, the higher the correlation between the variables, the 
closer the ratio of the weights is to the elasticity of the variables 
vis-a-vis each other, as they tend towards the same limit. The same 
results can readily be proven in the case of three variables (see 
Appendix 7.1) and could be generalised in the case of x variables.
It can also be proven that the variance of a logged variable 
is independent of the unit.1
1 This can be proven in the following manner for two observations: 
a2 = *ü(log X^log X)2 + (log X2 - log X)2]
_____ 2 2however (log X - log X) = [log X^ - h (log X^ + log X^) ]
= [*Kiog x 1 - log x2)]2 = (^2log xx/x2)2
hence a2 = h[( log X ^ X ^ 2 + (Uog X ^ X ^ 2 ]
this expression is obviously independent of the units.
If we generalise for n observations we have:
o2 = - E (log X. - log X)2 n l
however, log X^ - log X
= log xi - ^ E log X ±
1/n
= log Xi - E log Xi 
n
This expression is homogenous of degree 1 in X^.
log A X. - E log (A X.)1/n 1 n x
1 / -I
= log X^ + log A - E log X^ - n — log A .
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Hence, the ratio of the variances toward which the ratio of 
the weights tends, as the correlation between the variables tends towards 
1, is itself independent of the units. Moreover, the characteristic root 
and the elements of the characteristic vector are also independent of the 
unit as they can be expressed solely in terms of variances and of correl­
ation coefficients (always independent of the units).
Indeed, in our study, the variables are very highly correlated 
between each other: the average correlation between the 15 logged
variables and log GNP is .81 and as a result the first principal component 
could explain .86 of the total variation. Consequently, if we perform a 
PCA to the covariance matrix of the logged variables, the ratios of the 
weights of the variables taken two by two should be an approximation to 
their relative elasticities.
(2) Results with the balanced sample 1 and 15 variables
We use the balanced sample 1 to demonstrate the previous dis­
cussion. However, as the degree of intercorrelation between the variables 
is crucial, the variable with the lowest degree of correlation with the 
other variables, cinema, is discarded. We do not know the elasticity of 
the variables vis-a-vis each other because all the regressions performed 
involve GDE as the dependent variable. However, we can use the elasticities 
yielded by these regressions to obtain an approximation for the desired 
elasticities.
If we consider two variables and such that we obtain
and
log GDE = + ^2. ^1 + G1
log GDE = a2 + ß2 log X2 4-
a + log Xx + £l = a2 + ß2 log X2 + e2
a.. - ou 3
lo8 x2 ■ — i*— + r  108 X1 + (£1 - e2)
hence
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So we consider as an approximation to the elasticities
desired.
The results are quite satisfactory (see Table 7.13). The first 
principal component extracted from the covariance matrix of the 15 logged 
variables explains 91% of the total variability of the 15 logged variables. 
The first PC is as usual general, and the variables are ranked according 
to their weights in column 1. In column 2, the elasticities of the 
variables vis-a-vis GDE are presented in order to compute the approxi­
mations to the elasticities mentioned above. In order to have a basis 
for comparison, all the ratios are computed over the first variable 
(passenger cars), hence column 4 offers the approximate elasticities of 
all the variables vis-ä-vis passenger cars. Finally, the ratios of the 
weights, all similarly computed over the largest weight, i.e. over the 
weight allocated by the PCA to passenger cars, are listed in column 3.
We can readily note a perfect rank correlation between column 3 
and column 4 (the variate correlation coefficient is .9811) which confirms 
that the weights extracted from the PCA in the manner just described are 
germane to elasticities. Also the variances of the logged variables are 
presented in column 5 and the ratio of the variances in column 6.
The PC weights thus become quite meaningful: indeed, not only
are they independent of the unit like the elasticities but as the correl­
ation between the variables tends towards 1 the ratio of these weights 
taken two by two tends toward the partial elasticities between the 
variables (taken two by two also).
Some sensitivity studies were also performed to test the perman­
ence of these results; whether the first or the last variable is removed, 
very similar results are obtained (see column 7 to 10 inclusive).
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D
CONCLUSIONS
I. Comparative analysis of the results and appraisal of the method
The overall and detailed results of the various sets of experi­
ments performed are presented in Table 7.14. We note only a steady but
—2slight improvement in terms of X/Tr and of R as we refined our method.
The first set of experiments involved a different set of indicators and
a different sample of countries from the successive ones. This will thus
permit us to do some sensitivity study with the sample composition. As
far as the country samples are concerned, their impact on the overall
results is minimal because they both are balanced samples. The choice of
the indicators might have a greater impact on the results as PCA merely
reflects the variables that are fed into it. Again, the overall results
—2(in terms of X/Tr and of R ) were barely affected. This can be readily 
explained by the essence of the two samples of indicators; they were 
both chosen in a similar manner, i.e. as indicators of the same main 
categories of expenditure.. On the other hand, when we studied the country- 
by-country results for the 17 countries common to the two balanced samples 
(see Table 7.15) we compared GDE to seven indices calculated in various 
manner. Five indices were the result of the PCA plus regression method 
and two indices were yielded through the single regression approach of 
Chapter VI. Furthermore, five indices were based on a general sample of 
social and economic indicators while two indices were constructed with the 
help of economic indicators only.
We will now comment on each of the 17 countries presented in 
Table 7.15.
France: its GDE grossly overestimates its general standing;
Norway: its. GDE is in agreement with the estimates based on the larger
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samples of indicators, but is lower than the estimates based 
on the economic indicators only.
West Germany: its GDE overestimates its overall status (i.e. its socio­
economic status) but offers a better estimate of its purely 
economic level;
Netherlands: its GDE and the various indices are more or less in agreement; 
New Zealand: its GDE grossly underestimates its general standing;
Austria: its GDE slightly underestimates its general standing;
Israel: its GDE grossly overestimates its general standing;
Argentina: its GDE underestimates its socio-economic status, but offers 
a better estimate of its purely economic level.
Greece: its GDE offers a fair estimate of its overall status as the
indices vary arount - 10% of it, however, it overestimates its 
economic strength;
Spain: its GDE underestimates its economic and its overall status;
Chile: its GDE slightly overestimates its general standing;
Colombia; the comparison between GDE and the various indices is 
inconclusive;
Peru: its GDE and the various indices are in agreement;
Egypt: its GDE underestimates its overall status;
Sir Lanka: its GDE underestimates its overall status;
Sudan: its GDE underestimates its overall status;
India: the comparison between GDE and the various indices is inconclusive.
With the exception of two countries, Colombia and India, the 
indices based on non-monetary indicators are rather consistent with respect 
to GDE. Either they are all higher or all lower than GDE or they bracket 
it closely.
The other sets of experiments were performed with balanced sample 
1. We were thus able to observe how the overall results were gradually
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improved by first transforming the variables and then by using the co- 
variance matrix instead of the correlation matrix (see Table 7.16). We 
will now discuss these two points.
First, like regression analysis, principal components analysis 
is a purely linear method, i.e. it always combines the variables linearly. 
However, we know that the best relation between some of our variables is 
not linear but curvilinear. This is even more so in the case of the 
social variables as compared with the economic variables. Such a pattern 
is made obvious by the nature of the second PC which is significant and 
can be identified as a social scale, when the variables are not trans­
formed beforehand. In such cases, the first PC misses a large share of 
the total variation; it underestimates the variables which have a more 
curvilinear relation with the bulk of the variables, i.e. the social 
variables. However, if we transform the variables beforehand (as in 
regression analysis) in order to render them more linear vis-ä-vis each 
other, the first PC will be able to grasp a much greater proportion of the
total variation (note that we refer now to the total variation of the
2transformed variables which is equivalent to the R in a regression 
between the transformed variables). In conclusion, transforming the 
variables in order to linearise them vis-ä-vis each other, becomes 
especially useful if the emphasis is put on the first principal component 
in the study. But it is still quite advantageous if we intend to use the 
first few principal components, as the total variation explained by the 
first two or three PCs is also much greater if the variables are trans­
formed beforehand. The difficulty resides in choosing the proper trans­
formation. When we want to reconstruct GDE, the relation between each 
variable and GDE provides a sensible guideline. Finally, we realise 
that, by merely transforming all the variables into logarithms, we are 
able to capture the bulk of the curvilinearity and this solution is thus 
a most satisfactory second best.
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Table 7.16
Summary of the Results of the PCA
Number of 
Variables
Form of the 
Variables
Matrix to 
extract PC
X1/TR A2/TR A1/TR+X2/TR
16 linear correlation 71% 9% 80%
16 log correlation 83% 7% 90%
15
(- cinema)
log or 
linear
correlation 86% 5% 91%
15 log covariance 91% 3% 94%
In the last experiments, we presented some startling results 
when we extracted the principal components from the logged variables. As 
the variance of logged variables are independent of the units, the 
characteristic roots and the elements of the corresponding characteristics 
vectors extracted from the covariance matrix are also independent of the 
units. Hence, we do not have to go through the questionable step of 
standardising the variables to obtain an invariant set of weights (inde­
pendent of the units). The weights extracted in the manner described in 
the last experiment encompass much more meaning and when the logged 
variables are highly intercorrelated as it is the case in our study, the 
ratios of the weights of the variables taken two by two are thus germane 
to the ratio of the elasticities of these two variables.
II. Existence of the bias
As the principal components are linear combinations of non­
monetary indicators, the bias described in Chapter VI is still more or 
less present when GDE is regressed against these principal components.
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This is not surprising as the cause of the bias was traced to regressing 
a monetary variable on a non-monetary variable. However, we find that, 
on the whole, the shift is not as great with the PC approach (see Table 
7.17). In one case (the PCA approach), the GDE is regressed against a 
weighted average of the NMI while in the other case (the regression 
approach), a regression is run against each one of the NMI separately and 
then a weighted average of the resulting estimates is computed.
The use of a larger number of biassed regressions in the latter 
case should not be the cause of a greater overall shift as the individual 
biases will be averaged too in the weighting scheme (we have noted in 
Chapter V that they do not cancel out). However, we have also stressed 
in Chapter V that the bias was more or less severe in the various single 
regressions and that it was at its worst in the case of the social 
variables. Now the weighting scheme yielded by PCA based on a 
correlation matrix had a tendency to give the highest weights to the 
variables which had the highest correlation with the other variables 
included. As we explained above, these variables were also those most 
highly correlated with GDE, i.e. the economic variables which also 
happen to experience the slightest biases in the regressions.1 Adding 
components in the regression usually reduces the bias, but the reasons 
for it are not clear as the weighting scheme thus becomes more complex, 
we can only suggest that if an additional independent variable improves 
the overall fit, it automatically reduces the extent of the bias (as 
the sum of the squares of the residuals becomes smaller).
1 Similar results would be obtained with the PCA based on the covariance 
matrix of the logged variables, as we have shown that the highest 
weights are allocated to the variables which have the highest 
elasticities with respect to GDE, i.e. the economic variables again.
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Furthermore, the PCA approach uses only one weighting scheme 
for all the countries, while the regression approach uses five different 
weighting schemes allocating smaller and smaller weights to the economic 
variables as countries get poorer, thus aggravating the shift (see 
Table 7.18).
In conclusion, although the PCA approach has not eradicated 
the bias, its extent has been substantially reduced. The following 
chapter will now be devoted to the application of the methods developed 
in Chapters VI and VII of all the countries included in the larger 
sample and more specially to the Material Product countries.
Table 7.18
Weights Allocated
To 6 Economicj 
Variables
To 10 Social 
Variables
By PCA approach
(correlation matrix, 
log tran, first PC)
GDE
.350 .650
By regression
and share of the 
budget approach
+ $2000 .245 .755
1000 to 2000 .210 .790
500 to 1000 .210 .790
200 to 500 .170 .830
- $ 200 .145 .855
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APPENDIX 7.1
RELATION BETWEEN THE RATIO OF THE WEIGHTS FROM PCA 
AND THE RATIO OF THE VARIANCES AS THE CORRELATIONS TEND TO 1.
THREE VARIABLE CASE
P12ö1Q2
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P12G1°2
2 . a2 - X
p23a2a3
p13°la3
p23G2a3 =  0
if p12 = P13 = 1 and P23 1 let us prove X 2 a. 2 °1 + °2 + a
2
3
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CHAPTER VIII
A P P L I C A T I O N  OF THE R E S U L T S  TO OTHER  
S A M P L E S  OF C O U N T R I E S
The results obtained in Chapter VI and in Chapter VII are 
now applied to predict GDE for the rest of the countries, i.e. those 
countries not included in the balanced samples (including the countries 
without national income data). As 75 countries possess exchange rate 
GDE data, they are included with the 30 countries of the balanced sample 
1 to form the total unbalanced sample of GDE countries (105 countries in 
all). The 26 countries without GDE data are grouped separately in an­
other small unbalanced sample of non-GDE countries. This separate group­
ing was performed for the following reason. Although the methods pro­
posed to apply the results of the previous chapters to these two samples 
will be identical, the results will have to be analysed separately for 
the two groups of countries, as they are much more complex to analyse in 
the case of the countries devoid of national income data.
A
METHODS TO APPLY THE RESULTS OF THE PREVIOUS 
CHAPTERS TO THE REST OF THE COUNTRIES
First, the application of the results of the regression 
analysis approach will be described; then we will present the correspon­
ding method using principal component analysis plus regression analysis.
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The 16 regressions presented in Table 6.51 yielded 16 sets of 
regression coefficients. Hence, we only have to apply these coefficients 
to the scores that each of the other countries reach on these 16 indi­
cators to obtain 16 predicted values per country for GDE.2 Finally, 
these 16 predicted values are aggregated in exactly the same manner as 
in Chapter VI; i.e. with the share of the budget weights (see Table 6.3). 
Missing data are treated in the same way too; i.e. the weights of the 
remaining indicators are blown up proportionately so that their sum 
becomes equal to unity. This straightforward application thus presents 
no new problems.
Applying the second method, principal component analysis plus 
regression analysis, to the other countries is just as simple. The 
weights yielded by one of the principal component analysis of Chapter VII 
become the basic elements in the construction of the new estimates. We 
select the PCA performed on the correlation matrix of the 16 logged 
variables of indicator sample 1 using the observations of balanced sample 
1 so that the coefficients for the two applications are consistently 
based on the same data matrix. Then we post-multiply the vectors of the 
weights (i.e. the elements of the characteristic vectors corresponding 
to the first few characteristic roots yielded by the PCA and presented 
in Table 7.9) by the respective scores of the other countries on the 
corresponding indicators. Missing data are treated exactly in the same 
manner as in Chapter VII. If we select the first three vectors only, we 
obtain three predicted (estimates) principal components. Finally, by
1 They correspond to the best single regression equations between GDE 
as dependent variable and each of the 16 indicators of indicator 
sample 1 taken successively as independent variable, using the 
observations from the balanced sample 1.
2 These predicted values for all the 131 countries are presented in 
Appendix 8.1.
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singling out the coefficients of the best equations between exchange 
rate GDE and (a) the first PC, (b) the first two PC and, (c) the first 
three PC (presented in Table 7.11) and by applying these coefficients to 
the corresponding predicted PC for the other countries, we obtain, for 
each country three predicted values for GDE based respectively on one, 
two or three principal components.
For the sake of comparing the various weights and regression 
coefficients, we also performed some sensitivity studies on the size and 
composition of the observation sample. A principal component analysis 
is thus carried out on the correlation matrix of the same 16 logarithmic 
variables using the large unbalanced sample of 105 GDE countries. The 
characteristic roots, the characteristic vectors and the regression 
equations between GDE and the first few PC are presented in Table 8.1.1 
Whether the 30 country balanced sample or the 105 country unbalanced 
sample is used, the weights of the first two components are ranked in a 
very similar manner, while the weights allocated to the third component 
present no similarity whatsoever. We conclude that the third component 
is probably a residual in both cases. Finally, the coefficients of the
regressions run between GDE and the PC are very similar, however the
—2resulting R are substantially worse in the case of the large unbalanced 
sample.
B
ANALYSIS OF THE RESULTS 
OF THE LARGE UNBALANCED GDE SAMPLE
The results for the 105 countries with exchange rate GDE data
1 The corresponding results for balanced sample 1 are presented in Table 
7.9 and in Table 7.11.
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Table 8.1
Vectors and Characteristic Roots from Principal
Component Analysis with 16 Standardised Logged Variables 
Using the Large Unbalanced GDE Sample
LI a LII LIII
Telephone .269
El. Energy .267
Energy .262
Pass. Cars .261
Steel .259
Physicians <(-0.257
Textile .256
School II .251
Animal Cal. .249
Newspapers .248
Cal. Cer. & St. l:-).246
Aver. Dens. i(-)•241
Radios .240
Hosp. Beds I(-).238
School I & II .226
Cinema .223
Aver. Dens. (->.361
Cal. Cer. & St. (->.296
Animal Cal. .235
Textile .204
Pass. Cars .200
Hosp. Beds (-).194
Telephone .094
Steel .087
El. Energy .006
Energy - .057
Radio - .127
Newspapers - .207
Physicians (+).221
School II - .236
School I & II - .452
Cinema - .469
Animal Cal. .372
Cinema .306
Cal. Cer. & St. (-).284
Physicians (-).222
Textile .131
School II .059
Radio .035
El. Energy .035
Energy .030
Newspapers .030
Telephone .026
Steel - .065
Pass. Cars - .133
Aver. Dens. (+).212
School I & II - .487
Hosp. Beds (+).551
significant not significant not significant
Regressions
GDE Against PC Yielded by the Above PCA
Independent
Variable
Form #
o Constant
1 R2 D-W a
linear 1 .64 .31 3077.79
2 .74 .56 6347.81
3 .74 .59 6021.90
expon. 4 .91 1.65 9.20314
5 .92 1.72 10.4302
6 .92 10.1935
PCI PCII PCIII
b-, b„ bo1 2 3
221.983
230.932 318.876
231.182 320.108 (34.0698)
.312020
.315373 .119660
.315559 .120555 (.0247446)
a The signs in brackets correspond to weights attached to negatively 
correlated variables.
b The coefficients in brackets are not significant at the 5% level.
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are presented in Table 8.2. In the first column, exchange rate $ GDE 
is listed; the second column gives Y REGR, the predicted value based 
on the results of the single regression approach of Chapter VI; in the 
next three colunns we have Y 1PC30, Y 2PC30, Y 3PC30, the three 
predicted values based on PCA and regression analysis on the small bal­
anced sample, constructed respectively with the help of the first, the 
first two, and the first three components. Finally, in the last three 
columns, we list Y 1PCTS, Y 2PCTS, Y 3PCTS, the three predicted 
values based on the coefficients yielded by the large unbalanced sample 
and respectively constructed with one, two or three components. These 
same results are presented also in Table 8.3 and in Table 8.4 in the 
form of an index with respectively US GDE = 10000 and US = 10000 for all 
columns.
I. Overall analysis of the results
At first glance, these results reveal an obvious consistency 
in the seven indices. This can be explained readily by the fact that 
they are all based on the same 16 indicators. The coefficients of 
correlation between exchange rate GDE and either of the predicted values 
are presented in Table 8.5. They are quite high varying between .91 
and .93. The first four sets of predictions, which are based on the 
coefficients yielded by the small balanced sample, give slightly better 
results than the last three sets of predictions based on the large un­
balanced sample. Moreover, the addition of principal components in the 
construction of the predicted values hardly improves the overall good­
ness of it. It is interesting to compare these correlation coefficients 
to those obtained with the 30 country balanced sample. Indeed, in the 
latter case, the coefficients were higher; however, this was obviously 
due to the strict criteria applied in the construction of the balanced
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Table 8.5
Coefficient of Correlation Between GDE and 
the Predictions for the 105 and for the 30 Country Samples
No. of
Countries Y REGR Y 1PC30 Y 2PC30 Y 3PC30 Y 1PCTS Y 2PCTS Y 3PCTS
r
GDE-
105 (un­
balanced 
sample)
30
(balanced
sample)
93
97
.92
.97
.92 .93
.98 .98
.91 .91 .91
sample (see Chapter V). On the other hand, the large comprehensive 
sample possesses necessarily a greater amount of so-called freaks and 
missing data.
As the seven predictions presented above cannot be conclusively 
compared with the help of the coefficient of correlation only, we decided 
to appraise them in terms of the familiar bias discussed in the preceding 
chapters. Putting it more simply, what is the effect of the new pre­
dictions on the gap between rich and poor countries? First, in Table 
8.6, we use the old method of grouping of the observations in order to 
illustrate the bias and its extent. There is an obvious bias in the case 
of Y REGR and in the case of the predictions based on the large unbalanced 
sample coefficients. However, in the case of the predictions based on the 
small balanced sample and PCA, the average predictions are all lower than 
the average level of GDE. We thus had to carry out further tests.
In order to illustrate the existence and the extent of the bias, 
we fitted a line (with the help of single linear regression analysis) 
through the scatter of observations relating GDE and each of these seven 
predicted values successively (see Figure 8.1).
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Y RE GR
1.14
Y 1PC30
1.01
Y 3PC30Y 2PC30
1.20
1.04
Y 1PCTS Y 2PCTS
Note: The 45 degree lines are drawn in broken lines, the slope co­
efficients of the best fitting lines are noted on the lines, and 
the intercepts on the GDE axes.
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1.05
Y 3PCTS
In two cases only, Y REGR and Y 1PC30, the new indices result in 
higher predictions for the poor countries and lower predictions for the 
rich ones (i.e. we have a negative intercept). In the other cases, the 
new indices as a whole tend to be lower than GDE, although the gap 
between rich and poor countries which is appraised by the slope co­
efficient1 is also reduced. However, when the new predictions are based 
on the results from the balanced sample and PCA, the slope coefficient 
is substantially smaller, (see graphs (b)-(g) in Figure 8.1). More­
over, in all cases, this slope coefficient becomes closer to one when 
the indices are based on more than one principal component. In conclu­
sion, these overall results are slightly better when we use the co­
efficients from the small balanced sample of more reliable countries to 
predict for the other countries.
1 A slope equal to one means no reduction nor increase in the gap 
between rich and poor countries.
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II. Country by Country Analysis
When we examine individual countries, we note that some of 
the predictions are quite remote from a mere reconstruction of GDE 
(see Tables 8.2, 8.3, 8.4). The reasons for such discrepancies were 
discussed in Chapter VI. The first reason referred to the effect of 
the relative rates of growth of the various developed countries as 
illustrated in the case of France (rapid growth) and New Zealand (slow 
growth). We can readily liken any developed country with a serious gap 
between the prediction and the exchange rate GDE to either of these 
two countries: Switzerland or Israel to France and Iceland or the UK
to New Zealand. The second reason was based on the existence of an 
unusually important gap between purchasing power parity GDE and exchange 
rate GDE, and it applied mainly to the underdeveloped countries (even 
more acutely to the oil producing countries): Kuwait, Libya and
Venezula are obvious examples. We referred to these countries as the 
freaks and suggested that our method can provide some correction for 
the greatly unrealistic exchange rates of these countries. Finally, 
it is quite possible that these two problems affect a country simultan­
eously.
In such cases, the correction inflicted by the prediction is 
all the more justified when the calculation of the coefficients applied 
to compute the predictions is based on the balanced sample (whereas we 
made a point not to include many freaks).
We compared our results to the latest PPP study performed by 
Kravis et.at. (1975) on ten countries, (see Table 8.7). Such a compar­
ison certainly corroborates a point made earlier: compared to exchange
rate GDE and to PPP indices, our predictions underestimate the levels 
of the fast growing developed countries and overestimate those of the 
slow growing ones. This is definitely due to the nature of the non-
249
monetary indicators used in the construction of our predictions.
Table 8.7
Comparison of our Results with those
Yielded by Kravis’ PPP Study
GDE Kravis3 Y REGR3 Y 2PC30
United States 1000 1000 1000 1000
France 606 750 584 634
West Germany 574 747 691 766
United Kingdom 436 603 685 788
Japan 366 615 451 458
Italy 346 485 362 452
Colombia 82 159 168 132
Kenya 30 57 63 47
India 20 71 53 37
Hungary - 400 401 390
a All the values are presented in index form with US = 1000
It is not too difficult to appraise the overall results of re­
constructing new indices for Gross Domestic Expenditure in this section 
and to judge the performance of the prediction country by country as we 
have the original exchange rate GDE to compare the new indices to. On 
the other hand, the problem of analysing the results in the case of the 
26 countries without national income data that we will refer to as the
non-GDE countries is much more complex.
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C
ANALYSIS OF THE RESULTS OF THE 
SMALL NON-GDE SAMPLE
There is no need to describe the two procedures followed to 
apply the results of the balanced sample to the non-GDE sample as they 
have already been presented in section A. However, in the regression 
approach, a slight difficulty arises when we aggregate the 16 predicted 
values for GDE with the help of the share of the budget weights. This 
is because the five sets of weights used correspond to specific levels 
of GDE. Hence, for lack of precise information, the set of weights which 
seems the most appropriate is arbitrarily allocated to each non-GDE 
country.
The final results are presented respectively in Table 8.8,
Table 8.9 and Table 8.10 in three forms: in US dollars, in index form
with US GDE = 10000, and in index form with US = 10000 for each column. 
The results are extrapolated with the balanced sample coefficients. In 
column 1, they are based on the single regression approach and in columns 
2 to 4 inclusive, they are constructed with the help of the first PC, the 
first two PC and the first three PC respectively.
There is no way to judge the overall performance of the four 
sets of predictions as they cannot be correlated with exchange rate GDE 
since the latter is unknown. However, the performance of the results 
for individual countries can be appraised by comparing it
a) to similar countries which have exchange rate GDE data, or 
even better
b) to the results of various purchasing power parity (PPP) 
studies.
For instance, in the case of Hungary, Kravis (1975) proposes 40.3 (US =
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100) as PPP quantity index for GDE (based on international prices) and 
in the case of the USSR, Bergson (1972) calculates a PPP level for GDE 
of 37.8 (Fisher’s ideal with US = 100). Our predictions for these two 
countries are very much in line with these PPP estimates. Finally, we 
were also able to compute an index for the Material Product of five 
communist countries with the help of their non-commercial rate of 
exchange with the US dollar. This new index definitely supports the 
consistency of our predictions.1 All these results are presented in 
Table 8.11.
Table 8.11
Comparison of Various Results for the European 
Communist Countries
PPP Material
Product
a
Y REGR Y 1PC Y 2PC Y 3PC Number of 
missing 
Variables
East Germany 61 58 58 56 0
Czechoslovakia 32 51 50 48 45 0
USSR 38 44 43 36 40 4
Hungary 40 19 41 43 39 34 0
Bulgaria 13 40 41 35 30 1
Poland 16 37 33 32 30 0
Romania 29 30 28 25 1
Yugoslavia 12 23 24 23 20 0
Albania 13 14 14 10 4
a These figures are based on the non-commercial rates of exchange 
published in the UN Statistical, Yearbooks.
1 The relative ranking of Poland and Bulgaria in our predictions is 
the only controversial result.
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As we do not know of any other study calculating PPP indices 
for the remaining 17 non-GDE countries, we will have to resort to the 
other method mentioned above in order to appraise our indices. The 
individual non-GDE countries will be listed among similar GDE countries 
and their respective predictions will be compared in Table 8.12.
In view of the level of similar countries, most of the results 
obtained for the non-GDE countries seem reasonable. A few exceptions 
must be mentioned. The regression prediction for Mauritania and all the 
predictions for Mongolia are too high. A possible cause for such erratic 
results can be traced to the fact that the predictions for these count­
ries are based on, respectively, 12 and 9 indicators instead of 16.
Since the countries without national income data have, as a whole, more 
incomplete series that the GDE countries, the number of missing variables 
(out of the basic 16 ones) is indicated for each non-GDE country in order 
to judge the precision of the predictions. Furthermore, we feel that 
there is no obvious base of comparison for certain countries (for 
instance, Yemen or PD Yemen etc.). Finally, the predictions for Hong 
Kong seem rather high. This may be due to the fact that all the per 
capita statistics may be overestimated because Hong Kong experiences a 
rapid inflow of immigrants that are not recorded in the census.
As a whole, these applications perform a very useful function 
by enabling us to rank the countries lacking national income data among 
all the other countries. In the case of the material product countries, 
such ranking is especially useful. This is because these countries use 
an entirely different system of national accounting, so that there is 
no way of estimating a comparable GDE without going back to the basic 
data, i.e. using a PPP approach.
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Table 8.12
Comparison of the Results of Non-GDE Countries 
and Similar GDE Countries
GDE PPP Y REGR Y 2PC30 (US = 10000)
Y # of missing
Variables
Africa * Angola - 562 515 3
* Mozambique - 571 398 0
Kenya 297 572 630 470
Tanzania 207 512 300
Madagascar 290 537 467
* Chad - 485 167 2
CAR 279 488 240
Niger 213 494 158
Sudan 248 772 347
* Mali - 466 154 3
* Mauritania - 1411 284 4
* Dahomey - 367 224 2
Togo 290 379 290
Nigeria 213 349 208
Upper Volta 136 364 116
* Guinea - 342 233 4
Sierra Leone 365 500 404
America * Cuba __ 1624 1507 2
Jamaica 1415 1686 1735
Dorn. Rep. 731 1451 831
* Surinam - 1411 1494 4
Guyana 746 1405 1308
Asia *Afghanistan - 481 192 2
Pakistan 281 698 290
Nepal 171 333 97 # -
India 200 531 366
* PD Y emen - 1680 859 4
* Yemen - 7 41 101 7
Saudi Arabia 1182 756 537
* Mongolia - 2678 2376 7
* Hong Kong - 2576 2471 1
Singapore 1845 1912 1735
Taiwan 7 68 1424 1071
* Kmer - 525 338 1
* Laos - 194 202 2
Burma 189 457 274
Sth Viet Nam 352 565 530
Thailand 400 530 584
* Malaysia - 1031 1150 2
Singapore 1845 1912 1737
Note: The non-GDE countries are marked with an asterisk and the number 
of missing variables is noted for the non-GDE countries only.
To summarise Part II, we have developed two basic methods in 
order to recapture a measure of Gross Domestic Expenditure on the basis of 
a limited number of non-monetary indicators. The first method used single 
regression equations to combine the NMI and had the further unexpected 
effect of correcting for some of the monetary distortions inherent in 
exchange rate GDE for all the countries. The second method used principal 
component analysis in order to aggregate the NMI.1 Both methods were 
applied to the concept of a balanced sample. They permitted us
a) to obtain more reliable coefficients from the statistical 
experiments;
b) to correct GDE for the freaks, and
c) to estimate GDE for the countries lacking national income 
data.
We pointed out that the two methods yielded similar results 
largely because they were based on the same set of indicators. However, 
there is a further reason for the similarities in the results: from a
mathematical or a statistical point of view, the two methods have certain 
features in common. It is not the purpose of this study to embark into 
these theoretical questions, as they are discussed in detail elsewhere 
(see, e.g., Lyttkens (1966) and Wold (1966a, 1966b) and Whittle (1953)).
1 The correction just mentioned, although not so evident, might occur 
too, but it is too complex to discuss from an econometric point of 
view.
e
o
PX
PX
<
X
o
tn
x
o
c®
UJ
X
—
u
o
—
o
7
a :
a.
to
x
aJ
2
CL
UJ
_ l
UJ
to
pi
o
•H
Cß
Cß
1)
Li
tJC
<1)
Pd
a)
>h
62
Ö
•H
CO
VD 
1—I
e
o
L
<4-1
Cß
a)
•rl
L
4-1
Pi
P3
o
o
I—I 
CO 
rH
L
O
m
Cß
PI
o
•rl
4-1
O
•H
nj
a)
L
fU
7 ®
rv  ( \  
f v ®
— IV
(O fv
i n t o
r v ®
in
cO — 
K ®  
7 S
JOS
r v ®
I v 7
tC
IV  —
ctct
mao
to
c t
7
CJ
X
t o
o
X
t o
>~
X
X
2
UJ
_J
UJ
LÜ
2
UJ
a
>
<•
>~
CD
2
UJ
X
UJ
-4
U
2
<
to
O
CJ
w
Q
O
nr
I—
CJ
tn cv  
t o c r  
S r C  
— fC
CMfv
tn cv
c t t
CTCt
aovc
rv m
t o o  
— ®  
0 ) 7
to  10
N 'Q
rvcv
— 1> K .
® 5
IV IV
tour
— re
cvjrv
era
c m n
c\
rvre
S |v  
—  •£ 
IC C
S l v
CT
re
s u e
UP
ac
rO
®  7
«-*m
7  «3
<t
r v — e u e r  a i m  r o o t
U3 — CMr0 7 C M r v 7
7 0 »  —t v ® i o  aooo 
t o  —  — CM
r v 7  i n o v  
m o  evs
c r 7  0 r v
cv—
COO to o o  
C T 7  i n t o  
v a n  i v r o
— CV —
S S O C T  
7  —  
a c  r v
C M 7 r v ®  
O  CT, f v  —  
O  — C M 7  
— rO
cr®  tn 7  
rver r v 7  
SCO cvcv 
m — cvcv
r o o  oo 
o u n  m m
«-XO CT m  
lOCO cv cv
mtOCOfT!
in —m tc 
oao cvcv 
cvcv cvcv
fO ®  IV  —r 
7 IV  K  IC  
®  —  (OCT) 
m tV C V
m rv to a ii 
— s  a o tc  
re>7 m x
r v 7  to m
a o to  < o s  
* i o m e n  
e v im  c v —
CTlCVI CVCT 
S t« -1 7 1 0
( v o o  rOCY 
mCM CVCV
rO tv  iv m
7  CD ®  v  
« X V  | v  — 
CV CV CV CV
—* v  s e e
m m  —rv 
tom  sev  
met, cvm
c m v  m m  
7 G C T .®  
s m m 7  
m e v  CV<\
o s i v m  
7 in  s te  
CTiin CTj 7  
— ‘CM —iCV
rOlv  
O —  CMCt 
O O C V tv S
cvm cvm
—« in  < o ®  
s - gcm 
rv ro c o c n  
— fOCM —>
to oo s m  
too» s  
0 )0 0  to
tomCM— 
( D 'C t O t l  
r o o t  e r m
CTlOOtOOO 
7 C T  S C O
m e n  c v m
«■<•«-I' lOCV
•^rao — m
C T 7  CT, If; 
■7 CVCV 
— CM CVCV
SfrvCMCV 
COCT) « X v  
V N i n s  
CVCV CVCV
s e v  m  to  
® m c r t c  
ro n o  t o r n
-X V  (VCV
K M O tO fC  
0 7  0 ) 5  
CV— CT 7
C U 7  - 7  I v
•7-a s i s  
• 7 s c n m
—X V  ( \ ! M
-XD'O-V 
CV--+0CCT 
rom  •7 K 
cvcv cvcv
CTTvtOrr 
CTOD r v  -v? 
c o r v  i v  
- x v r o e v
enrom
- X V  M
CVCV M GC 
c v r o  fo e v
«rkscv ir 
CTi’T  tOCC 
v n o  r o v i  
«-'CV —^  cv
—«O CT-V
ever, oo re
CVJ—< -  
CVCV CVCV
tC'CTi —*X  
s s  o c « -  
■vren «-+-7 
cvcv cv cv
7  <  UJCt 
u J Q  N <  
C < r  » - X  
LÜ2. H 2
: c <  j u j
~i<nf v .n
Ü JX  CO >- <  3
o i x  je: x
2 1 — UJ 31 
<StO X X
neZD DC.
! 1 «I 1 /
7 ( 0  0 0 ®  
«-TO CTlv
e v irv  r v c v  
cvcv —
-«•>» s  — 
K f v  — t o  
t v r v  s < \  
— — CM
t o t r  s t j  
e v t o  a c m
CTl • 7  CTV 7
CMOS r o te  
7  7  m m  
tOCT CM7
r v t o r o m  
1 0 7  e v e r  
o o t n r o m
N S M O  
OO 1 0 7  
O ) tO O ) 
CM —
cvnot07 
mcM —to 
rvrv 7 o i 
—  CM
<0 CM CD S  
r v — m iv  
cvcv  — s  
CV CM CVCV
s c t ) cvm  
m o o  t e s  
to  to  r v  er 
cm— ro
<M iv to  m  
SrO C T.m
CC I V  7  
S O  CMS)
t o  t o  t o  o
—  —  CM —
m t o t n i v  
— oo r o t e
rO C M —  c v
e r to e n o
o r v  o ,  7  
O fv tO  
— JO —  cv,
CMCMO)te> 
7  to  IV IV  
7  JOCT) G
cv«-* — re
7 0 )  r v i r  
cveo — to 
S  —  CO 
c v c v — cv
m — coct 
e v o o r o r v  
t o — r ^ t c  
cvcv r^ c v
JO — CMS
«X X  oc 
- x o  m
- X M r o m  
m r o  CM iv 
S 7  tO — I
o ® s s  
occv
CMIV 
CVCV
e m o t o o j
7  —  —X O
c o  t o  ah  s
• x o r o —
7 to m a c u  
— CM to  
CMCT) SCTi 
CM— CM
s —rOCT 
ac rOCT 
ao 7cv
saochcvi
—  tOCTl 
CMIOCT
— « XV
I V  7  to c v l 
O hO C T vO  
— CM
fo r m te  e rrooev 
cva o c riv ls —m s  
CO CT) co re) «xo com 
cv — —
I V iO  S 7
7 to aoto
aocvrvCT  
CMCM —
s o v r o e  
7 0 0  CT — I
e v s  s tc
CM CVrO
s  — 7 r o
« 0 7  (ODC
—  « -» S K
CTCSI71r 
mcr,CT.o 
7 — m evi 
cvcv -
rv C T v O )« - ' 
co  —  e v e  
t o  7  e r  re I 
— CV —*«■1
r v r v r o s  
ccoc cv 
r v r v  x  
cvcv
to r n  7  ac CVStOCM 
— 7  s a c  (VCV 7  o  
— 7  m ac  o e v r o r  
rOrOCM OJ— r o e v
in to  7 ^
IOCC E K I  
rO —  (O O i
cvcv —
f v  «-«CM IS
to 7  croc
53 —  —  
JO CVCV
CM—  S h  
i n  — 7  v
acm ct, tc 
c v c v -
o — men rocr com ivaotnaa 7 c r  7 cv  
r o — c v io jm s  rv c v  s c t . c r r v .a c rv  r v 7  
r v io  CT>ccjivrvtOvO t o r o —  c n c r O i«  
r o fo  cvcv cvcv cvcv cvcv cvcv
7 — m io
too t ao m
0 )0 0 — CT
rver aoev 
7 7 1 0 7
IV  7  S S
cv r o ­
s e  7 1 0  
r o to o o m
CMIV G iC  
—H —a «^CV
s — s x  
s  s m
c t  i v  7
c v r o  — t v  
r O f v  s e e  
S a o  t o  7
t o  c r  pac t, 
i v  — m i r  
m  cm  e v t o
CTICT 7 0 !
s e n  m o o  
r v —  — 7  
—  r o
S O ) s  
CM — tC 
—  CO—
cs—  rooc 
r o r n s e v  
<c t s  r o v
—  CM
ro rv C T iP v
cmcmcmct 
s i n  s t c
7 i v  — m  
iv a o c v fs  
7 S C M m
7 —  7 C V  
CM—  00 — 
s t v  C O S
CV,1«—« — I—
S  O) 7 1 0  
CM S  S  
CT C M 7 
—  fO —
7 0 )  7 | V  
7 0  7  7  
«—«IO «—*IO
7 7  — CV 
7 7  S S  
CTiCT < 0 7
S ro  cc 7  
c v r 0 7  
m a r e
r O io  c o a r
— m  m o o
TOO) 7  00
r o — i n r v  
7  CV CT, —
c v —• rn m  
—cv
7 0 0 I O I V
mer cr 7  
cvcv —
O r O  « x e  
CM— IC O  
r v s m a c
CMCM CVICV 
C T ro c c a c  
— TO I O X
tom  sec
CTTO K
CTiOG CT,
7 c r  s n
7CT; 00 7
— t o  r o i r -
i v i v  c o m  
I T H O ie i i
m ao to m
<Ofv S is  
«•*—  CVCV 
— 7  CM 7
r v c v  s o
7 —  IT 
< 0 7  
CM
m oo s i r  
m r o  -
COCT
t e s  o t v
m m e v a
O —  _ J  2
—  ce 2  lU  > - o  x v
c k l d - j x  _ i  >4 ;e  I— x  <i! _ j_ j  x  u.
UJ - J a i l —! z q  z
L D i i u o u j  M X  — H  D O  x c o i - c r  u « x
t m  —« 2  "»■*•,11 «*•—> —
OOrOCTCV 
r o rv  7  m
<30CO lO G
S I O O M S S O l N  
tOCTl a o to < 0 < 0  S t c  
a o — m 7 < o 7 7 i o
to  to  CM iv  
in  to  m ac 
r v c r c r r e  
cv
0 0 7 7 7  
CM CO — re  
( 0 7  CMCT
( o r v r o t r  
— o o ro ro  
c v m c r r s
a o r o  G r T
IV  — CT 7  
OO—  tOCVI
SCM SCT  
IvCV O  
S O  S i
c v c v  c m  
7  s r v  n  
s — r v i s
r v — r v t c  
cc cr, m n  
CO 7  7  CM
— c o  t o r e
0OrOCT7
(O 'C o rN .--*
7 1 V  (O CM 
C T lv  e r r s  
r v m t o r o
—  — 7 0  
— cv m o  
r v o  7 i r
c v i n t v a  
s r v ®  oc 
— cv
7 0  m m
7 7 1 V  rv
to  s o x
7 i v i O r ' }
t o m m
IV O tO C Ö
m rO  7<C 
7 N  fO |v 
7  0O I v  CT
o v c t im r s iv m  —
t c m a c iv ,
S tC S fN
s  — 
rv cm 7
CM -
CT —  —«0C 
S S C M IN  
CM — tO tC
r v t o s i v  
CO 7  CC
— to  CT
CM 53 tO tC 
lOCMKCT 
aoaoCTX
IvC T C M S  
i v r v  s e v  
— CM CMCT
fv  s  — CV
m o o
7  CM — CT 
to r v  m re
o r v  O C T
to  7  S O  
tn r v  es 
a o r v  v
CM® CMS (SCSCTOO 
— G M O in i D  — tv
7 m  — <M
m cr r v o  
C T S  7 ®
c r c v s c v  
— ac to  
r v in  to
«-»CM — CV
e ve r r v o  
tO O  7C T
258
CM7  CVCV 
—»CM
7 7  CO 7  
O —  —  
rOCMCTCV 
CV cv
o o r v s
in c v m c v
r v i v r v m
o a o  S C M rO tv  
CTiac ®  S lW M
m c r  cm cm cm
S S O S  — rO  
— CT 7  S
ao CM —to
7  CM 7 1 0
to r o  * o m  
— cvitocv
—cr s o )  s s  s o
r v r v
o r v
cv
ac
7 0 0  — S  
iT I O t O lC  
m o  cum
T i n  jo in  
r o m s r c  
m r v  7 ®
c o m  e v e  7 ®  s s
7 ( 0  7  SI 
0 7  CVO  
CV
m  CM 7  CM 
— 7  S ( 0
7 0  cure
S —  SCVI 
®  CT> ® S
m m  cum
s s t o t c  —  m 7
t o  — 7 ®  CT.-rv 
— CVj m rO  7  «3
er —m s
O C V C M
— to  30
o c u m m r v 7 i v C T
S 0 7 I V
m ®  ® m
S C T  S C V  
CT,rvCT 
C T ,® 7
fv O C M C M  
r o o m  
m t o r v C T
® o o s
7  o  s i r  
7 1 0  rO ®
S o e v i r v C T  
r o r v  m t j  
o r v r v f vc rc n o o c
*— U J CC CL t o  o x  
Z U 0 2 -  
U JL lJ I—  *-H LD QC c e i l  
O ' j j  —  « ’ i n . . : :  
o r o r e r a  — >  < ü
[ i m t  l ln
m o  s s
CC 7  o
7  CM re
® 7  SCT
r o s  r v 7
®  S  7 V
O i S  CMrO 
— ct m i r
m m  — 7
m s  m m  
in  rv  re 
o  c v m
O S f v ®  
r v o s m  
7 — c r
— 7  T O ) 
7 G I O  —  
o o  s e v
i n m r n s  
m r v  0 7
cvrcMcncv
CM CV
o r v f o —
O O G rtlT
< o 7 ® m
- X 0 7 C T  
7 0  0 0 Iv
m r v o m
S G S S O I S  
•a  m m  m r v  7  
— 7  7C M  —*<M
>Ctil
7  i v  cvnn 
7 7  c v m
CT CMCM
SCM
4 0 ( 0
7
r v ®  m ®  m ®  
r v  7  — r v e r  
r v 7 - — r v
o ®  s — — t v  
N S i o o i o o m  
— ®  mcM CM in
s ®  o r v  
7  tO  CT O
m c r m 7
CT CO
m c M
7 m
m m r v ® o ®  
7 — m c v f r v  —  
— r v t o m  7 r O
r v m  7 ( d  s o  
e r r v  m o i ®  m
o m i n  7
T m c M t r  
N S  r v 7
«~*m  m m
o s r v s  i n t o ® ®
7  in  
m  m
1 0 7  7 7  
C T lC  7 t C  
«X T  — CT
rv C T  CT s  
t o m — tc  
r v o  7 i r
® s r v ( c
IV IV ®  7
rex® o m
® c v o r e  
i v ®  t e a  
m r v  io c c
s t v  m iv  m c M ® m  
®  CV CC iC  CM 7  C V 7  
10 7  — m 7 S O ®
® m m m
CT,® (0  7
O O  ® t £ '
lOCT) 7 S :  
m s r v i r  
o o m m
7  C I O  (JDC 
a J X  2 H U < 3 <  
_ j<  0 7  ——  r-cc 
— 2  c o x  x j r a
X  7  <  L U 7  0  7  
t m  ( 7
m ®  ev to  
m o  7  cv
s  s  — cv  
c v ®
i n  I
c t  m  r v  ct 
®  ®  7 m  
7 7  CUCV
7 0  S C M
m — m m  
m — m e v
c r — o — I
CT.® 7  S  
— 7  7 7
7  CT OCT
m — i v s  
c u m i v T
S 7
7
7
— c r  
— ®  
CMrO
< c s  
7  cr 
cvm
o  — 
®  s
m  7
m ®
7  —
— m
tO  «X
m m
—in
e r m
CT, t o
— ®
r v m  m r s  — cm 
m e v  s —te r  iv  
m m m  vs m m
7 0  O T 7  < ®  
— 2  7 0 2 — X  
0 7  ►- 7  COO
d x i m  u x  _»
< U 1 C H < C
L i I f  I T  Vi< 1
4-J
Öo
u
X
•H
s)
C
QJ
p-
p.
<
CMOI N f lO K O  ®CO CMCM® «—X3
r v c r  ® ®  s  s  o s ®  in  -—n  to rn  
cmcvI s < \ i r v  — cvm  — cu—«cu—
s o l  n s  n — m ®  is. ■civ s t \  
m s i m m i n s u n c o — s e o n o s  
— s  n m  rv  -hi «-«n —  m — m —
SCSI
(S
m
n s
O', fv
POTT
p_, CM *3 
CO CM
rs ^
w
p , s n r  
w  s  
i-3 CMrq
w  
H
CO t v ®
m c \s ^
mac
P-I QO ocCO
§
>1 -
ErJ r O S
p-l
a^r'
►J CMK
M
M  ®>m 
p i  rccr  
E-< SCMCO
n m  CM® Pv— n  m m  C\tm 
m s iO i  r v ®  rv  m m  a c t .  
PvCO —  C V FS C M S C M nn
ir v ®  is m  <Mov os rvao com  
r v ®  s c r  ao— to  i n n  r o s  
n c M S s r v i n  —u n tn cv
m — o n  t s r v n r v ®  csm lm aococs
»OOV S ®  CU® SUV
c m s  m s r v  s  s  ®  
—«rO — S  CM «-»CM
CM SO » IV  
m r t M  aa 
CMJO S
«' •— ^r v ®  r ^ i n r o i n M  
« I V  ®  CT CM -"-to  S  
cvcvim  — ® m  
CM
ro s m s « - < ® a  
cm « - « m n s r u c v
fO-r^tOK 
s c r  «-«s  
m CM «-<T
IO«-* N
aOfO fO
CO S i CMS
' I  —
® S  S  
fO —  »H
s n r v c M r v c r  cr c s ®  iv tc  
—t v  m —  ao ®  oo vo m  m i r  
m m  vr cm cum  — cm— cm—
t s n  m ®  — t v  n s  
iv .-«  M in tn o c M ic  
—t o  s m m c v o u c v
s m  <s— iv m  s  s a o  s m
G.CM 05 '«X -TOCMCCirv acac
in to  —«ro ro m  s  m m  m c \
® — ®  m 
c v im n ®
CMmcDCM
—tn  cM C M crtsn  c m  -  
s ®  iv a c  m  r v o r v a n s  
— o | m n  •—m  cm c m io c m c m c v
m s  roco n s  s  m m  mac 
cm— ever? o, in o  — n iv  
n n m o u  — m —«cmcm
J K  Im en e c fvCM cm cum  — it
® K  0 0 —i K K  S  — S ® C ,
m m  r v  cm m m  cm m  cm cmcc
0,00 Osfv <022 Os TvrO® 
O S C V I s i ®  O, m c c  —  Cv
C M s n c v im  cm cmcm cmcv
corn aosr s s  s i s s  cum  ® n  
w  n s l n s  — cu m  inoc s
Q  cuc\
<!
tnm
b  » m
wH  M<4
3c/>
5
CMtSi
CM®
CMm
—«OI 
CD S 
CMOI
p  CO ID
ö  m m
ÖS jüto  a
cm—« cm m  s  m s
a o ®  cmoi moo es m as  mcc 
cvm ooco CMin to ocoscvac
"IfO tO — S ®  —
*S.’CM O,-k  
s s  n s  
cum  s e M
IV. O’. VI —«
s m  s  c\
s ®  n e u
iv. o  rv ir )  
m o  m s  
CMS CMCM
CM® 00 
OCT. —
s m m
m oo r s s
sr«i —>o
— «CM—
s m s  o.os CMaC 
coootv N a m e  
cum  —«m  cum
in  to  cm —«m m rs  
—<t  tc cc iv. cc cc 
m s —«os cmcv
m —«Osin  m os m  cmpv s o  
to to s s  s m m  m s c o c c  
m m  m  m  m m  m  m m  cmcv
J 7 X < u a H > o r
<CLU >- U_iac_1^ 3
3 N 3 M O « J f t  0: LU < J C
.:r< r*-t<c  < > -  o  r c Q c o z
UJQ: < o a D >  O m  j c
ao co in s  
s  —«Os s  
aocMCMim
s m s  cm 
m<o<o r* 
—• —«m — I
co s  to in  cv cm tn it 
-« c o c o  CVCTCMNPO  
—«mm<a —«cv#
s  s o  m  
—•—«m 
m'D s
rvcooi -«a 
ac co s  v  
—« m s  v
si os s c ^ p v to s tr i
ao s e r in s  n
—« rC1—«—*vOO'
to to s c r  
CM tO <D
cum cm
mco c v s r v —«*o v 
0DS CMinCM — CMCV 
—km in  —«m  s  so« i
CM—«'0X1 ao K S C 7  
r v iv  <o<o s  m c M - i  
CM —‘CM m  —* —«s£
n o s  co o  
CMCM COO 
s  —* o>—1
S S  S ac  
CM CO
mcvi
OVIV.CMSI! 
mrvos ci 
m  cm -« ir  I
a o t o n t f  > 
in  in  s i c  
— euro
s  cu iv  r ' l s n —*r>.rv m s e c  
Cu s  er, m ao tc c u —. m  to  s  
m s s  —<m s c m  cmcm c u m m
CM 52 S  S
rv  s s  to
m
—*tS )S  evil 
cu s m  in  
m  —•—«
C M m o v s g tn rv iN ir  
—»CMCT cmcm s s  c\ 
cmcm tn m
rv rv C M m  
aoin-«co 
m —*—«m
n  —«trs re 
ao ooaoev'
s o o c M o ö m m n c q  
s s r v c o  
m cM tncM
s  n m t e  
m —«cm — I
s a o c o  s  
cm m in  k  
CM
C O S —«
iv in s  m  
-♦mco
os s m  is. 
s  s i n  er
—* —«CM N .
a o c ro )
OSSCTCO  
—«CMCM CM
mcM—«a 
n  co s  m  
n s
ao srvC Tjo s m n  n n m i N  -4 *a o « s s n rim  ® - « S '  
W C 5 lO r t ‘N  C V ir t i r f tO N E 'J .S  S m C V —'tf>N  
CM CM —«— <CM CMCMm«-«—«m CM CM
s m  stclaocmsu I s s s  s ‘—»pvaoncosn  
acrv s tq rv  s  s  n  m —« - f —*n rv  »--to ivsr 
—«cMfomcMsm-trom mev cmcm cv cm
r v c v s c s
CMCC 
CM -« CM
r v m  i n n  pv s  s  
mcM iv  c u n  — n k  
—< m  m m  cu m
cmpv t o t r
s a o m
—  O S  to
I CM —« « -ts
S O S  «-«CVI—<tO —*CM
rv Oi ton
CMS —«IN —«CM ■
m ^ a o s i
t e s  CM IT
cm m m
uCpviOtv 
icos s i v  
—*m  cmcv
CVPvOsS 
ac CMS m 
s
n s  os e  
—i cm cr «  
ns cm «■
2  U1 
s « t  o < t  
Z O O * - h 
s r  r n c  
i o t t v u j a <
o « - i c r ~  
Q JC .-D C  
< L  ij> S
3  c o z at
, f t » . I .
n  ao ao cmm> s  m  m oo iv  evil 
cr — —  i n s  s — — —>00(01
25 ' )
s  s c m  o  
os —«os o
PvtOCO S  
CM CMS
cMmovcvtomrv 
— os— o  os —«—« 
—*m  «-•
s c o n n  
r o io c .  s
SCM S  
m rv i 
—«CM
cm s i n  x  ao ao os e ^ a o a o io s  ovrvosj 
n  s a o  o  s  CMio o i s  os ao s  to  rv  id  
m  CM CV| -K M  n  cu
rv o s a o rv  
c v m c o a  
n  —•
S l O N S l
oo
s  nov vt s -«—«o tos nov tö n  osn if) aotocM e icM nn  s |n  to to 
sao n s  t o n -»—«n —un®  ®csi i^ fv ® —*if)—«n tco in o o® i
m m  CM CM CM OI —* -
m >ntv  s s  
s  s s S  
—•m c u r r .
s n m n n n n t c i  
rv  s t n  s o ,  oo— cv1 
—« n —«SC M —«cm v
m  mrv o  
m s t c  iv  
—« CNI
S  CMS Pv
oo cr cm 
—«m ok
s O J r v S
OSS
c v n
s  —«inm 
m n s o .  
—* «-«CM ■w « ^ -4 T—4 OJ
-r-i CCKS» (X >
to tstc ivco s m ir ;
«-♦CM-—« r ' ) —« CVm
m  CM CD Oi 
—4 —l-CT <S
m  cm—«
OvinCMN. 
cm t e n  
cMCvm
ostonoa inm «-ts e rn o s o in —«s 
o n  t o n n n n s  mmcMoj—«
CMCM CM 04 CM CM CM C\ CM CMCM C\1CM CMCM
- « n a o n  
Oi m m  
cm cvcMm
S S I V C  
m n « - «V- 
CM CMCM 0 3
-
a  h c o « J < u
m W D o JU) U H  
j  »—ci a u j o c L  
h Z 3 Q Z ^ > -  
X  3 <  S iiu J C lD Cn i_ t- irt.rt T 1.1 ^1
s a v o i m  
n o s  o u s
«-•CMCM CM
ao iC fio h  
ac m m  es
CMCvm 01 
m sos e
CM CM«-* oil
i s s s r s N S  5 
as cu 
S  CO
s rv in n a o n a o  
cc O  CT cm—  m rv
S S S  ac 
a c m m s
«—( «—«CM —1
s n c u - i  
— euer e;
C M -
aC' N i n  ac
ts — s  n
CM CMCM C\i
co c o n  a ’ 
t5 SCM CF
CM s  ao tv 
ac sve
— CM
C M tc r u a ’ 
S  CMC, N . 
CM—
s  e v in c e  C v ls  n c M  o  b 
ao iv  n  n  n  m  m  m 1
D O U J  eZ’i'7
* - 1 *-• Ui-QC _ iU J  > - 0 < v - «  
_ K t U J « - |w  Z 1 3 Ü  
x  <0 —or >  m o-u
. 1 i<r\ ,r*,r>  k_. r i
SOS Cfi
sa c  CM 
«—* cm —«m
inoirooo  
o  cucvir
r v  a o ®  oc 
®  t o r
n n r v
n n i v
o  —s o
s ts o itc
—»«p-*c; 
in mm ac
vpCMSi —
m m m
cn s s  
rv  cm i n  i r
1
—fCMrvSi 
®  — S i  
CM
r v c r s  m  r O N t o  m 
cm rv  n  ao ao m r v  a
S! s c s ®  
0  rv
03 S ®  f3>: 
S  CM
o  k t  s  cm r v i v  n r v  s  
a a N K K s i f . t o a ;
i n n s — r  
®  s  a  
—  evi
rv  23 is
CM
CM
r v m r v  «-j»®osCMCM 
®  n i c e r
sos os
®  rvmte
e r m  — cm
— s n  v
— s s  cs
-K M  CM CM CM
n  n  —« 
m cc o, uc}
CM
x  n o  m m r v r v  
CM CMCM CM — O O . Oi
J
C  ®  Q —  ZLQCQC <  —  <  2
Z ’CD«* UJUJ M I - — D  
■STOCK i tO O L O  2: — . 3 0  
<1 S O  < 3  —  —  < « 1 7 7
< 1 —V ; »V/1 T  T  »--• I—«
Osao s i  
n s - s i
c v m ®  
n o »  in
s —  ts  
rv  —i n . 
— 1—« CM «-«
CS S S I 5 f
n  s o s  
n n s
s  s rv  
m m
tq  m n m  
in  CMOi
ok CMCM —
s m — os 
o s o . ®
4-1
Ö
o
o
i-H
CO
C
<11
a
<
rH |
DO —SrOQC £iqcMro— -< 
— CM *-**-4»-
rosoioirocnsiD 
CM 6£<fS> s c m i^  rote■ - - - l -+ro~+vr.
i N!inCMCMO>CT
I -« --•C E  — 
CM—  ( \
rn
DDCM Wf® QO —fs
— ts ®  ® ov®
d d — — — ro  ir
S  rO S  «  S) 
H in  io ro
u  "«3
o  
w  >0
§ 1
Pi 
CO ®
F S *
r/_ cv
Pi *<
<C.3
P( in co >0o
w
sh rO
fei K
Ph
£ i
P I CS*
. 1 
P I
►-1
M
M
H
C.0
w
1
so>d sd so>cvhnrvcncv|srv—D«sro s—ins 
®  —««cvj® ® ® r o ®  —®ac c a o i r f s o w  iv ®  ® rs  
ro -4 ®—t—»d iv s®
®«s«sl»vssS® s®«rts«® —rvin® cvunros 
r r r o  cm D  e r  s  ac ® cm —»rO —  roes  ro iv
r O — CM ®  ®  SCM IT
CV —I
d d s ® |® d d i d d s ®  ®)d d o >® cm® «  s i o d o  
d c v c t ® «  d d k j d  d o i d — es ® — « ®  s in in cv  
•40 ) m io  cm cm O) r r
I —4i
GO —* «H
e s ®  ®  cv
ro s e v e u
S «C C N
« WO r *« « i
o» ro ®  ®
—CMCM-
S ®  CMK 
®  CMX IT
s s s w
IV  CD ec
in K S S 5
O)
U  255 °Q
W
H
M
M
[-4
CO
u
O
M
Cl
O
CMDTvCTia 
D r O ®  o
o>—rveoin®CM -to ro e v
e s ® ®  — ®  S D  I V ®  —  
— CM«T — D  —« ®  Cvl—  —0 3
® D O l O >  — C M «  in-^r -  
rO C M S C D S  K - h  O ®  CTCTi 
—®  rv ®  —ro c\
rO —| —*
s  «Denen ro s ®  
roevojs® Tt 
e f  fO  r
®  « C O O
in  s O i  o
n  s s r v  
sro® cc 
CM
enroen-sm — —
®  s s s
S  IV  
•H  "T
-m  cmmtoc ocsmcM 
ro — ro®
rO O v S D
in c c f;>
D —V
s ®  ai sen s s  ic
•C CVOsJ
s s o u r
D D
FSFSSq'SOS^SJSrO^
CM 
®
«CM OS
i v d d ®
f v  X  D  ec 
1 0 1 0 ^ ®
s * o io
— ®  I  CM 
cm  cs;
® M O  ®
a
u i  < i _ j  x  c
►h
U ►-ictCL _ j z  
H  < * { 3 U J S | -  
U  n J X V Z T :  Ll
s ®  s .
® D S ®
S - h S N .
« r o
— r v c v iv  
cc « r v  i r  
s
S  r o s  CC iC 0 — 0 
CV —«CM O I
■21) IS®  
in  r o r v  
— r o c v ir t
CM S  «  ® 
®  — D ®  
S  — Ol
ro s  —rv 
s  intv ^ 
—  fO — ®  i
®  ®  S  ® smin 
— S —Ifi
®  in cm
CV rO CS 
— CM CV) CM
®  ® D  ®
—  S O  < t 2 !  —  <* O
<r _j z >2 : x  s o
X  O X  < C 3  C C U - I
c  > 3  ^ü - j z : i
to  OC <  < < T '
C7I S  ro  S  CM es?® « O l  S D  
Os t s s n ®  ®  r o «  ro c \  
s  s  —r in  rv  cm—« w «
mxscocMrvs cn® -+ro® 
rOCMCM—• —«so
S T V  CMCM 
I V —  CM® 
®CM CM ®
FOOvfOS® 5J.—t CM® —«r> 
c r r v r v  ® i o  « ®  r o ®  r o -  
CMrv cm —<fv —* o  ®  —* —i<r 
CM CM
« C M —«ID  —«® S Kl
«o >
r O S ® ®  
S C S 1®  s 
® u o
!S -« C M ^ i  
rv  cv  
rO rO  
IO
in SD 
in  cs.iv  ®  
i v r v  
ro
—«rocs rv O i d m  
—«CVJO CVfv ®  c  ® D «
®  CS —«I ®  S  «O ‘5
lO Ol 
D  0>
IV  FS—* 
CM O ’IO  
co —«co 
CM
CM® IO
5 .
oio» tsco'SDSJCM rsrscM 
«SIS —«dcm ms in 
—«—• —* D r O  D  —« ®
« r o ®  —« o s  astnro—»o»
fO  —* —« O ®  —« N O I N O  
—«rOOV rvCM fO  O f v  
CM CV
-« « e s  -res r o s  sj 
® ro  ®  cm®
—« —K O fO
Sfoom 
s ® s s 
—«s
®-*ss
IO® CM®
r v ®  e s ®
CMOS CM 
I V ®  S  
®
( S S  CM 
OV 
®
C S S ? S > ® C M -« rO ir
® ® r o « r v r r
D  es DCM 
m es -ii 
rO
i n r v r v  ®  
rorOD®  
D S ®
r v ®  s  —i ®  es —* s  
o —i* ® t n  cm
CM ( O S  IV
c s o ® ir > ® o «  es rOrODDO® —« 
—« D O S C M S ®  0>
o  ro —* iv «  es —«es
—« S  —i ®  D ®  —' ® SfOS
in ®  d i s  
r o c v ®
—»rO
^s sir
C T®  ® T 3  ®—« —«Kl
s wo s es es es 
® ec ®
o s o)
CV® ros ro—«ro® 
® es—«®«rves 
rv —«® ® ro
ro —r
—• CM CM S  53 CS «  53—«CMM
roes—'eps rv ®ro ec
SrO
CM
V rvincMio
—‘D  «  Ot' 
CMDCM
— «rOCM—*5 )lOCM—1 roc^  
CMD®
« Ol
—«Oürv D D  CJK I ® ® —• sec - 
«  rv co—«—«k
rv «SO» «rO roes —*DOl ®—« ■ O 
«CM
®  D ®  IV® DCMfV CVCS es SCSI S S S S I S S 3  SIS S 5 i S S S S ' 3 3  3  S S S  S
oui <oor <n 
i i o < u c a : z o o  P x o s
4 iQaJlLÜHZ z 
XDN<UDO 
OCJ U 31.1JOT
s s r v r c  
CMroCMor 
CM—«CM®
S  S  S  ~*<3 \ S  (SSO 
e r  SO N  - I
CMOiD S 
—* CV
esstsaer 1
«
ro
S lO S  “S 
D S  S
0 > S f v ! X
S D « S
D ®  ro® 
CM—* —«CVi
—«Cv S N .
roio rv
DCM® 
rO D  S O) 
CM« D
ro—«cc
O.® CC N
CV! — S D  —i
n — D  
«  —  « 0 1  
s r v s ®
CMOV —O
cen ts®  
even D  N
CMCSID 
—O/ CT 
® r v  <M S
s  — —®
O D  CMS 
SCMrOrO
< i  _ J C £ jC * - 'S
z.
*-tarcn<s<s*-«tt 
J D Z  ac ®
0 0  3  t/i
X  CO 
U JZ O  
>-UJO
irx : 3
O U IO  xEixiiwrla.»
S S ®
s 
®
D D  D  
CT) CM — — D
TOSrO 
fO Iv
DOV D
srocr
—«— O l
« « I V  
CT —N
o>
® s c n
D — CM— Ov
S S «
01
S S t v
s
D
rv— cm 
es D D  
rO ®
D S  CM® s
S ' r v
»vCMOi
®  —«rv D — O 
®  CM CM
260
Th
es
e 
pr
ed
ic
ti
on
s 
ar
e 
ca
lc
ul
at
ed
 w
it
h 
th
e 
co
ef
fi
ci
en
ts
 o
bt
ai
ne
d 
fr
om
 e
ac
h 
si
ng
le
 r
eg
re
ss
io
n 
of
 G
DE
 a
ga
in
st
 t
he
 
in
di
vi
du
al
 i
nd
ic
at
or
s 
us
in
g 
th
e 
ba
la
nc
ed
 s
am
pl
e 
1. 
Th
e 
30
 c
ou
nt
ri
es
 o
f 
ba
la
nc
ed
 s
am
pl
e 
1 
ar
e 
al
so
 i
nc
lu
de
d 
fo
r 
co
mp
ar
is
on
 p
ur
po
se
s.
PART I I I
SOCIO-ECONOMIC WELFARE AND THE
NON-MONETARY INDICATORS
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INTRODUCTION
In Part I, it was shown that the usual aggregate monetary 
indices did not have a sound theoretical basis for making intertemporal 
or international comparisons. In order to avoid some of the difficult­
ies of using prices to value the goods and services produced in a 
country, we developed in Part II some purely statistical methods to 
determine weights that could replace prices and help us correct the 
distortions introduced by the latter in one specific aggregate indicator, 
Gross Domestic Expenditure (GDE). Monetary indicators were thus replaced 
by non-monetary ones in all our experiments. We tested these methods 
on a large number of countries, with results that were consistent with 
our expectations. It was easy to appraise the statistical methods in 
that case as we were trying to recapture an aggregate measure that al­
ready existed. We may therefore conclude that the experiments in Part 
II proved the worth of our statistical methods applied to the non­
monetary indicators.
In Part III, we propose to apply similar statistical procedures 
with non-monetary indicators in order to build a new index of socio­
economic welfare. As noted in Part I, the comparison of GDE for various 
countries was mainly plagued by problems of measurement (statistical 
difficulties, price and exchange rate distortions and, of course, the 
index problem). On the other hand, the comparison of welfare suffers 
from two sets of difficulties. The first one is conceptual: it
concerns the possibility of making such comparisons at all and challen­
ges the assumptions needed for these comparisons to be meaningful. The 
second set of difficulties has definitional aspects, since the decision 
to include or to exclude various variables in the construction of an 
aggregate indicator of welfare is not obvious and a certain amount of 
subjective judgement will always be present.
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Part III is mainly concerned with the second set of difficult­
ies, i.e. the definitional difficulties. Sen (1973) and Nordhaus and 
Tobin (1972) have tried to solve these problems from the monetary angle. 
They have transformed GDP into an indicator of welfare, mainly by 
changing the nature of the items included. They substracted from GDP 
the items that do not g.dd to welfare and added the items, previously 
excluded, that increase welfare. Although the principle underlying 
such correction was quite straightforward, the problems of price distor­
tions remained and the method could not be extended readily to inter­
national comparisons as the adjustments would have to be performed 
thoroughly for each individual country.
The present approach therefore, grapples with the problem from 
the non-monetary angle by applying our precedures to international com­
parisons. Hence we are not going to transform GDP into an indicator of 
welfare, but we are going to create an aggregate and internationally 
comparable indicator of welfare based on its non-monetary components.
As we had developed in Part II various statistical methods to process 
and aggregate non-monetary indicators, we will choose the most suitable 
one for this particular task. However, the choice of the non-monetary 
indicators representing welfare inevitably suffers from a certain amount 
of subjectivity and arbitrariness. Hence, we must emphasise that our 
attempt must be regarded primarily as in illustration of the use of our 
non-monetary approaches to the measurement of welfare.
This part is divided into three chapters. The first chapter 
will discuss the items that should be included in a general index of 
welfare; the second chapter will describe the actual aggregation of the 
indicators into a general index of welfare and the last chapter will be 
devoted to a discussion of some theoretical aspects of our index, (its 
comparability and the implied assumptions) and will generally conclude
the study.
CHAPTER IX
THE WELF A R E I N D I C A T O R S
The scope of these last chapters will be limited to the narrow 
question of the inclusion of the goods and services into a measure of 
welfare. In the second part of Chapter III, we stressed that the 
definitions of welfare were highly subjective. We will thus have to 
define our own concept of welfare1 and admit to its inescapable subject­
ivity. As the techniques used are based on non-monetary indicators (NMI), 
this will permit us to add a further dimension to the usual measures of 
welfare by including social as well as purely economic indicators.2 
Instead of merely constructing a measure of economic welfare (MEW) like 
Nordhaus and Tobin (1972), we plan to offer a measure of socio-economic 
welfare (SEW). Our major goal will then be to develop some method that 
would permit the measurability and the comparability of such a concept 
of welfare.
The three sections of this chapter will now be devoted to a 
discussion of the non-monetary indicators of welfare. Two different 
questions will be raised in the first two sections. First, how can we 
define a non-monetary indicator of welfare, and second, how can we 
transform an existing NMI into a better indicator of welfare? In the
1 In this part, we can imagine the existence of a kind of international 
welfare function which is akin to Chipman and Moore's for certain 
features, but which differs in other respects. Such function and its 
implications will be discussed in greater details in Chapter XI.
2 Although the distinction is not always clearcut, it has been discussed 
in Chapter IV.
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last section, we will present the indicators we chose to construct our 
measure of socio-economic welfare.
A
GENERALITIES
This approach to the measurement of welfare is entirely depend- 
end upon the indicators that are chosen to be included. Hence, it is 
important to select these indicators very carefully.
I. The Difficulties of Defining Welfare Indicators
If, roughly speaking, Gross Domestic Product represents the 
productive capacity of a country and welfare represents the level of 
living in this country, it is obvious that these two concepts will have 
to be measured by different indicators. Steel, commercial vehicles or 
petroleum refinery capacity are obviously more relevant indicators for 
the first concept while percentage of households with electricity, number 
of hospital beds per 10000 inhabitants or average daily protein consump­
tion are obviously more appropriate indicators for the second concept.
It would thus be useful to develop some guidelines to determine which 
are the indicators of welfare.
A first difficulty that appears immediately is that the concept 
of welfare or the concept of level of living is a vague one. It is only 
if we define welfare in terms of the goods and services included that we 
can tighten our notion of what is an indicator of welfare. However, the 
circularity of the question is evident: should welfare be defined in
terms of the goods and services included or should the indicators be 
branded indicators of welfare in terms of a previous definition of welfare?
265
We propose the following approach: to disaggregate welfare into
its main economic and social elements (ignoring the political or the psy­
chological aspects). We will pick the socio-economic elements that are 
generally quoted in the literature. These elements will thus provide a 
frame of reference to determine the indicators of welfare.
Unfortunately, a second difficulty is present. A number of 
indicators have a dual role as indicators of the productive capacity and 
also as indicators of welfare. These two aspects cannot be disentangled 
easily. For instance, a car can be used for a Sunday ride and also as a 
means of transportation to go to work. It is extremely difficult to 
classify the indicators in one category or another, since all shades are 
possible within one indicator. Then the only criterion available is to
attempt to judge if an indicator is more relevant as an indicator of wel­
fare or as productive capacity.
Moreover, the indicators of welfare and of the productive cap­
acity are generally positively correlated. However, in a few cases, we
will find factors that have no effect on the productive capacity and a
negative effect on welfare (for instance, pollution). Here, the choice 
between welfare and productive capacity indicators is clear-cut. Unfort­
unately, in the majority of the cases, as the indicators have positive 
effects on both concepts, the distinction is much harder (for instance, 
education).
As we are aware of the numerous and subtle difficulties involved 
in the choice of the indicators of welfare, we will have to develop some 
guidelines and to study very carefully every aspect of each indicator
considered.
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II. Area of Choice
As suggested above, we shall choose those elements of socio­
economic welfare which are generally accepted in the literature. For 
instance, the United Nations, in a paper on Level of Living (1954), pro­
posed 12 elements that could be used as a starting point for our own 
proposal.
The UN elements1 are as follows:
1. Health, including demographic conditions
2. Food and Nutrition
3. Education, including literacy and skills
4. Conditions of Work
5. Employment Situation
6. Aggregate Consumption and Savings
7. Transportation
8. Housing, including household facilities
9. Clothing
10. Recreation and Entertainment
11. Social Security
12. Human Freedoms.
We will retain the first three elements and make a few related
remarks.
The most direct health indicators are the life expectancy 
indicators. The mortality indicators can be considered as negative health 
indicators. Health personnel and health equipment are indirect health 
indicators. They are not necessarily related to the state of health as
healthy people do not need doctors or hospitals. However, their effect 
in improving health suggests their usefulness as health indicators.
1 Although these elements were already presented in Chapter IV, we list 
them again to make the following discussion easier.
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The level of nutrition is a generally recognised element of 
welfare. Minimum standard requirements have been determined by scientists. 
However, we must note that very high levels of nutrition may become neg­
atively correlated with welfare as proved by health experts.
Education is also a controversial element. It makes a direct 
contribution to welfare only if it is considered as an item of final 
consumption, learning being a pleasure per se. However, education is 
often treated as an investment in human capital. In such cases, its 
contribution to the level of welfare becomes indirect. As there is some 
truth to both lines of thought, the classification of education will 
never be straightforward.
The next two elements, conditions of work and the employment 
situation, were rejected as they are laden with problems. Although 
conditions of work certainly have a direct impact on the level of welfare, 
unfortunately not only are the existing indicators (usually from ILO) 
controversial, but also the data are usually incomplete (covering mainly 
the most developed countries). The employment situation does not seem 
obviously related to welfare. It has a positive, as well as a negative, 
aspect with respect to welfare. Indeed, the complement of employment can 
be considered as unemployment or as leisure. Furthermore, the data on the 
level of employment can be misleading in the case of the underdeveloped 
countries.
Aggregate consumption and savings is an important element of the 
concept of sustainable welfare rather than actual welfare. It should be 
retained if we wanted to develop, like Nordhaus and Tobin (1972), some 
techniques to assess sustainable welfare. However, as we are interested 
in current welfare only, we will not develop indicators for this element 
that we mention only for the sake of reference.
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Transport is a generally accepted element of welfare. However, 
it has a direct as well as an indirect effect on welfare, and they are 
often intertwined in the actual indicators. (See our previous example on 
cars.) The UN study does not mention the usual counterpart of transport, 
communication. Although suffering from the same problem as transport, it 
definitely has a positive impact on welfare and should be added to the 
list of elements.
Housing and household facilities are among some of the most 
basic elements of welfare. The housing indicators are unfortunately not 
extremely reliable, and there is no general direct indicator for furnishings. 
Hence, we might have to resort to the use of intermediate goods widely 
used in the production or the use of furnishings as a proxy, (steel, 
electricity, etc.), although this is not very satisfactory.
Clothing is difficult to estimate, due to the variation in style, 
fabric and climate.
Recreation and entertainment is an unquestionable element of 
welfare. However, in this area, the differences in taste between people 
are overwhelming and the existence of a few universal indicators to repres­
ent this element is highly doubtful. Hence, we must admit that the 
indicators chosen for this element will not present the whole picture.1
Social security will be ignored for two reasons, the shortcomings 
of the data and the fact that it overlaps somehow with the first element, 
health.
Finally, human freedom pertains to the socio-political realm 
and will have to be excluded from a purely socio-economic approach.
1 Fortunately, the consumption of leisure usually involves the consumption 
of other commodities (i.e. of complements) which are included in other 
consumption items (food, etc.), hence this element is always indirectly 
taken into account.
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In conclusion, we retain eight out of the 12 UN elements.
However, we consider that the UN list is incomplete as it ignores a number 
of concerns which since the fifties (when the UN study was published) have 
become very important in the eyes of the public. These factors of the 
level of welfare can be grouped into three elements: the environment,
the role of women and the distribution of income.
First, we have become more acutely aware that industrialisation 
damages the environment and, consequently, increases in production do not 
necessarily represent equivalent increases in welfare. Great efforts 
have been spent towards the measurement of the negative externalities, 
namely pollution, urbanisation, congestion, etc., in order to apply some 
corrections to the conventional aggregate measures. We will try to con­
struct some new indicators in order to include such concerns in our study.
The contribution of women is another very sensitive question.
It has three distinct aspects which are often confused. First, in most 
countries, a large proportion of women is not included in the official 
work force, but they work at home and actually produce goods and services 
that add to the general welfare. As the proportion of housewives varies 
from country to country, this creates a problem in international compari­
sons. The second aspect is more controversial: is the welfare of the
women who stay at home greater than the welfare of the women who join the 
labour force? This aspect obviously refers to the individual choice between 
a greater family income or more leisure (we must point out that the choice 
is not always available). As this seems to be a question of taste 
(strongly influenced by the social, economic and religious background and 
situation), a simple answer does not exist. The third aspect is even more 
thorny. It is the problem of discrimination against women. The argument 
is that the welfare of women is reduced by the fact that they are not free 
to make the choices mentioned in the last paragraph. We would like to
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construct some indicator including these three aspects but we have no 
doubt that such a task is doomed. In fact, our indicator can give only a 
partial picture as only the first aspect is quantifiable.
Our last element is the distribution of income. Here we are on 
much safer ground, as the theoretical issues between welfare and inequality 
have been discussed in Chapter III. We will, therefore, construct an 
indicator based on Atkinson's index of inequality.
In Table 9.1, the elements chosen to represent all the socio­
economic aspects of welfare that could eventually be measured with social 
and economic welfare indicators are listed.
Table 9.1
Components of Welfare
1. Food and Nutrition
2. Clothing
3. Housing
4. Health
5. Education
6. Transport
7. Communication
8. Recreation and Entertainment
9. Environment
10. Contribution of Women
11. Distribution of Income
12. Sustainable Welfare - Consumption versus Savings
a This last element is mentioned only for the sake of
reference, as we did not develop any non-monetary method 
of measurement to assess it.
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A last remark must be made concerning the nature of these 
elements. The first nine elements are in some way separate and distinct 
arguments of our concept of socio-economic welfare. They are not indepen­
dent in a statistical sense, as each one of them is related to another 
variable, welfare. But they are mutually exclusive and non-interactive.
On the other hand, variations in the last three elements can affect the 
contribution to welfare of each of the first nine elements. Hence, we 
will refer to them as the interactive elements. This distinction has to be 
drawn upon because the interactive and the non-interactive elements will 
have to be treated according to their nature when the various attempts at 
analysis are performed.
Ill. Criteria of Choice
Now that a framework of reference has been established, we can 
readily choose the indicators of welfare that represent some aspect of 
each of our 12 elements of welfare. However, in order to make the list 
selective, some criteria must be applied beforehand.
First, the three criteria of availability, reliability and 
universality described in Chapter IV are still mandatory. Second, some 
criteria specific to the indicators of welfare should be drafted. One 
obvious requisite is to include only indicators representing final consump­
tion of goods or services.1 However, if an important element of welfare 
does not possess such indicators, we might have to use indicators for 
intermediate goods or services as proxies.
Finally, we will distinguish between the positive and the negative 
indicators of welfare, i.e. those indicators representing increases in over­
all welfare and those representing decreases in overall welfare. These two 
two types of indicators will be included.
1 Indicators for investment goods could be included in a special manner 
if we wanted to measure a concept of sustainable welfare.
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These criteria are essential to construct a sensible list of 
indicators. The breakdown of the concept of welfare into 12 elements will 
permit us to classify these welfare indicators. However, it becomes 
immediately clear that the available indicators are not altogether satis­
factory. In the next section, we discuss some ways to improve them.
B
FORM OF THE INDICATORS
First, some of the indicators could be refined into better 
indicators of welfare. Second, some attempts at summarising several 
indicators of a closely related concept into a composite indicator might 
be very valuable. Third, if there are no readily available indicators to 
represent certain aspects of welfare, we must try to construct some new 
ones. We will now study individually, a number of welfare indicators which 
were refined or created to meet our specific needs.
I. Improving existing indicators
(1) Age distribution of the population
In the search for an aggregate indicator of Gross Domestic 
Expenditure, we were content to use merely per capita indicators, i.e. we 
just divided the total quantity for a country by its number of inhabitants. 
These inhabitants could be either children or adults. It is obvious that 
the needs of children are different from the needs of adults. Hence, if 
the proportion of adults to children varies from country to country, the 
raw per capita figures will yield a distorted comparison of the real level 
of welfare. Furthermore, the bias introduced will have a systematic 
character. It will result in underestimates for the countries which 
usually have a larger proportion of children to adults, namely the less
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developed countries.
Fortunately, the age structure of the population of most 
countries is known and, from it, a corrective index can be constructed. 
Indeed Lusk has provided ratios to convert the population into adult- 
equivalent units. The Lusk index is based on the following assumptions 
about food consumption; on the average, children 12 and less need 50% 
only, and adult women need 90% only of adult male’s average food require­
ments .
Such corrections can also apply to housing as children need 
proportionately less space than single adults. Members of specific family 
units also share appliances, cars etc., more readily. However, in these 
instances, a Lusk-type index cannot be derived as precisely as with food. 
Hence, we correct all the food indicators with the Lusk index and we 
correct the housing and various other indicators with an approximate Lusk- 
type index Z^as the Lusk correction seemed too drastic in these cases.1 2
(2) Climate
The second basic adjustment introduced concerns an attempt to 
take into account the variations in climate of the different countries. 
Although the indicators most obviously dependent on climate are the 
clothing ones, there is no doubt that housing, fuel consumption and even 
food consumption are also influenced by the climate. However, we shall 
only adjust for the influence of climate to clothing. We regressed 
clothing on an instrumental variable which is independent of the climate, 
steel, and we added intercept dummies for three types of climate: cold,
mediterranean, and hot. The classification of the countries into these 
three categories was carried on according to some rule of thumb concerning
1 We assume that children need more than 50% and women more than 90% 
of male adults and propose the following new Lusk-type index:
Z = -- -t- -L (L is the Lusk index) .
The food requirements are discussed in an FAO publication, The State of 
Food and Agriculture3 (1974).
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the July and January average temperatures. We found that the cold 
countries needed 19 kg. more textile per capita per year than the medit­
erranean ones and 63 kg. more than the hot ones.1
(3) Positive versus negative indicators
As a number of demographic indicators of welfare are presented 
in a form negatively correlated with welfare, we transformed them into 
positive indicators. For instance, infant mortality per 10000 was trans­
formed into infant survival per 10000, inhabitants per hospital beds was 
transformed into hospital beds per inhabitants, etc. These transformations 
were performed only for the sake of convenience. Indeed, a distinction 
must be drawn between these demographic indicators and other (non­
demographic) indicators which we consider as negative indicators of wel­
fare for the following reasons: although they are positively correlated
with practically all the other indicators of welfare, we know that, in 
effect, they cause a deterioration in welfare. Such indicators must 
thus be transformed in order to reveal their real nature. An obvious 
example is pollution. The manner to deal with such indicators will be 
explained in detail subsequently.
(4) Other simple transformations
We will just mention a number of further transformations per­
formed on certain indicators.
(a) Radio/average density.
The greater the average number of rooms per person, the greater 
the need for more radios. However, as one can only listen to one radio 
at a time, such an increase in the number of radios does not increase the 
radio-originated welfare; only the welfare originated by more rooms 
increases, and this is already reckoned by some housing indicator. Hence, 
we must adjust the radio indicator by dividing it by the number of rooms
1 Unfortunately, the actual correlation between climate and development 
might obscure these results.
275
per person.
(b) $ of houses with electricity.
This indicator has a very incomplete series. However, it is 
very highly correlated with electric energy production for private use 
only. We will thus use the latter indicator, which has much more complete 
series, to predict the missing data for % of houses with electricity.1
(c) Railway/Passengers/Km/Population Distance
To compare railways stocks indicators between countries of 
different size and different population, Berry (1960) developed a method 
that enables one to neutralise at once the effect of these two variables. 
To do so, he divides the indicators by the "population distance". We 
will thus adopt his idea and obtain an internationally comparable indica­
tor for railways/passengers/Km by dividing the railway score by the 
square root of the ratio of the population over the area.
(d) Private telephones and private mail
The data on installed telephones includes private ones as well 
as business ones. However, only the former are relevant for the purpose 
of assessing welfare. We will thus try to estimate the proportion of 
phones used privately, by the following procedure. Two pieces of infor­
mation are needed to obtain the breakdown of the total population into 
the various economic sectors: First, the proportion of the active
population (i.e. the population in the workforce), to the total population 
and second, the breakdown of the active population within the various 
sectors. The assumption on which our correction is based offers the view 
that some members of the active population have a telephone at home and 
one at work. The difficulty lies in actually determining in which sectors
1 A similar approach will be used later on to predict missing data for 
various other indicators.
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such an occurence is more likely and in assessing the proportion of 
telephones to workers in the specific sectors. Perfectly aware that 
these decisions would be rather arbitrary, we excluded the primary 
sector and included the secondary sector. The tertiary sector raised 
a number of problems. First, it could be argued that the telephones in 
this sector, by providing a direct link to the consumers, can increase 
their welfare rather directly. Second, as our exercise is the compari­
son of the developed and the less-developed countries, we must take 
into account the fact that the tertiary sector and more specially its 
service component, presents a very different image in these two groups 
of countries (this is where the so-called disguised unemployment of the 
poorer countries is often hidden). Consequently, we decided to include 
only the commerce component of the tertiary sector in our correction.
Once the specific sectors were chosen, we were unfortunately not able 
to estimate the proportion of telephones to workers; as all the 
countries would be treated similarly, using a one-to-one proportion, 
may not influence the results unduly. Consequently, the total number 
of telephones in each country was divided by the total population plus 
the total population active in the secondary sector and in commerce, to 
give us a closer estimate of the number of telephones (per capita) 
contributing more directly to the consumers’ welfare.
The same method of adjustment was applied to domestic mail. 
Although these corrections are very rough, the resulting data on tele­
phones represent an improvement over the original ones for the following 
reasons. Its elasticity with respect to GDE is lower than the elast­
icity of total telephones with respect to GDE; such result is consistent 
with the fact that business telephones are probably more sensitive to 
changes in income than private telephones.
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II. Constructing new Indicators
The next task was to construct new indicators of welfare by 
combining existing non-monetary indicators. Although not every one of 
these new indicators was selected for inclusion in the final indices of 
welfare, we will still present all these new indicators. They cover the 
following fields: nutrition with animal calories equivalent, health with
medical care availability, education with drop-out rate and quality- 
quantity of schooling, externalities with pollution-congestion, non- 
market sector with women contribution, and finally distribution of income 
with an inequality index.
(1) Animal Calories Equivalent
An attempt to combine calories from cereal and starch with an­
imal calories was carried out. The difficulty lies in finding a method 
that would permit the transformation of calories from cereals and starch 
into animal calories equivalents. This last form of calories is usually 
deemed to be more valuable; as countries become richer their consumption 
of calories from animal origin increases at the expense of their consump­
tion of calories from cereal and starch. By regressing these two variables 
against each other with the cross-country sample, we can estimate a 
physical rate of substitution between the two kinds of calories, and use 
it as a weight to appraise the relative worth of the two variables. From 
an empirical point of view, the results were rather disappointing because 
we were not able to fit a function that would yield sensible results for 
all the countries due to the existence of a Giffen effect at the low 
income level.1
1 We also performed the following experiments, the results of which were 
even less satisfactory. First, animal calories and calories from cereal 
and starch and second, these two indicators plus calories were respect­
ively subjected to a principal component analysis. Furthermore, we 
also regressed calories agains animal calories and calories from cereal 
and starch. Of course, all these experiments were performed linearly and 
also with the variables transformed into logarithms.
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(2) Medical care availability
The two relevant pieces of information to combine are the 
number of physicians per inhabitant and the number of physicians per 
hospital bed. The first one measures the extent of medical care, while 
the second one is a measure of its quality. These two concerns were 
combined into a geometric average and the resulting indicator was the 
following:
number of physicians / / hospital beds x inhabitants.
(3) Drop-out rate
This indicator was constructed with the help of a UNESCO 
table detailing the percentage distribution by grade of education at 
the first level. The first level is divided into five or six years and 
the percentage of the total number of children in the level attending 
each of these years is recorded. For the developed countries, the figures 
usually reflect a very even distribution along the years in primary school 
This means that practically all the children who start primary school will 
complete the cycle. On the other hand, the poorer countries reveal a 
drop in these percentages, as the classes become more advanced.1 As it 
is desirable for all children to complete primary school, the flatter the 
distribution, the better. An indicator measuring the dispersion around 
the mean can thus be constructed. Such an indicator could be the variance 
the coefficient of variation or even more simply, since the data is pre­
sented as percentages, the mean of the sum of the absolute deviation 
around the mean of the distribution. This indicator varies between zero 
and some positive number, zero being the best score. Obviously, by
1 Of course, population growth also affects the shape of the distribution 
but we can ignore it as the difference in the yearly effect is no more 
than a few percentage points between the rich and the poor countries.
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choosing the drop-out rate at the primary level, we construct a rather 
general indicator which best discriminates between the developed and the 
less-developed countries. To compare the developed countries between 
themselves, the drop-out rate at the secondary level would be more suit­
able .
(4) Quality-quantity of schooling
The pupil-teacher ratios are usually considered as the main 
indicators of the quality of teaching. These indicators are controversial 
for a number of reasons. First, they present only a partial picture of 
the level of quality as they do not take into account the class room 
equipment and the teachers' training. Moreover, in certain countries too 
many teachers might be trained at the expense of the quality of training.
In such cases an improvement in the pupil-teacher ratio might really 
correspond to a deterioration of the quality of the teaching. Second, 
the pupil-teacher ratio also presents a partial picture of education for 
a country as a whole. In fact, if a country suffers from a high degree 
of inequality, only a small sector of the population, the aristocracy, 
might have access to education and the pupil-teacher ratios would thus 
convey a rather distorted image of the situation as a whole. It would 
thus be desirable to combine the pupil-teacher ratios with an indicator 
measuring the extent of education, for instance, with the enrolment ratios 
in the following manner. We propose the unweighted geometric average of 
the teacher-pupil and of the teacher-children ratios:
teacher / / pupil x children
If all the children were pupils, this indicator would reduce to the inverse 
of the pupil-teacher ratio. Moreover, it can be calculated at the primary 
level and at the secondary level separately.1
1 In our study, we used an arithmetic average of the two.
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(5) Pollution-congestion
It was already noted that one of the big discrepancies between 
the usual national accounts measures and economic welfare concerns the 
treatment of the negative externalities. It would thus be appropriate to 
include such concepts into a welfare index. In our society, pollution 
stands out as one of the most important examples of negative externalities 
of consumption. Unfortunately, very few countries measure their level of 
pollution. Furthermore, when such measurements exist, they are limited to 
various indicators describing the level of carbon monoxide or of various 
other harmful fumes in a specific area. We thus have to develop a more 
general indicator that would apply to a greater number of countries. As 
a large amount of the inconveniences due to pollution and also to congest­
ion are related to the traffic of motor vehicles, we will use the latter 
as a base to construct a new indicator of pollution-congestion. The total 
amount of motor vehicles was determined in the following manner: the
number of commercial vehicles weighted by a factor of two (in order to 
take into account the fact that trucks and buses are greater sources of 
pollution and congestion than motor-cars), and the number of motor-cars 
were added together. Then the average number of inhabitants in cities 
greater than 100,000 inhabitants was calculated. Finally, assuming that 
all the vehicles are approportionated equally among the urban and rural 
population in each country, the average number of motor vehicles in the 
average city (greater than 100,000) was computed; the greater this 
indicator, the greater the overall pollution-congestion suffered in the 
cities of such countries. The new indicator (P-C) thus takes the follow­
ing form:
where V = Passenger Cars + 2 (Commercial Vehicles)
U = Number of Inhabitants in Cities greater than 100,000/Total
Inhabitants
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and C = Number of Cities greater than 100,000.
To counteract the fact that the proportion of population suffering from 
this pollution-congestion indicator varies from country to country, it 
is advisable to use this indicator in conjunction with a straightforward 
urbanisation indicator. Such a pollution-congestion indicator could be 
refined or slightly modified. For instance, if we were comparing the 
industrial countries together, we should use the average number of inhab­
itants in cities larger than, say, 500,000 inhabitants. Also, with better 
breakdowns in the statistics, we could develop a more precise weighting 
scheme for the various motor vehicles (for instance, using the weights of 
the vehicles). Unfortunately, if we want to use such indicators with a 
very wide range of countries, we have to retain the more general form 
developed above.
C6) Contribution of women
The introduction of some correction to take into account the 
fact that the economic contribution of women varies from country to country 
and is not reckoned in an homogenous manner was deemed necessary. For 
instance, if a greater proportion of women join the workforce in a specific 
country, they will hire help, buy more appliances to help them with their 
housework, use child care centres, etc. All these activities will be 
reckoned differently in a country where they are carried out by housewives. 
Obviously, such disparities will affect the comparability of any national 
income aggregate, but they may also distort the comparability of the 
aggregates constructed with the help of non-monetary indicators.1
To correct this problem, an indicator based on the difference 
between the proportion of male and of female participation in the econom­
ically active population was developed. Assuming that if all the women
1 For instance, home-made clothing knitted with home-spun yarn is not 
likely to be reckoned in the official statistics.
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able to work were actually included in the active population, the proport­
ion for male and for female participation would be the same, this differ­
ence represents the number of women that could be employed but are not 
because of their sex.1 This proportion varies from country to country; 
it is very low in the Communist countries and very high in the Arab world. 
The next step was to develop some technique to appraise the efficiency of 
these "non-active women". One obvious approach would be to use, following 
Nordhaus and Tobin (1972), the average female salary. However, it can be 
argued that as the average female salary is earned by the economically 
active women, it may not be representative of the efficiency of the "non­
active women", as they may correspond to a less educated group. Hence, we 
found it undesirable to use a monetary approach and favoured a weighting 
of women efficiency based on the relative level of education of all the 
women in a country with respect to all the men.2 We compared the enrol­
ment ratio of women in primary education to that of men. The ratio of 
these data varied around ,95 in the developed countries and reached its 
lowest levels around .10 in countries like Saudi Arabia. We used education 
data around 1960, which permitted us to extrapolate the relative level of 
education of a group of women old enough to join the population active in 
the late sixties. We realise that our measurement of the relative effici­
ency of women (REW) is a gross approximation, but it has the advantage of 
being general and available for all the countries. It could be refined or 
modified in the following manner; first, the REW could be calculated for 
several age groups (every 5 to 10 years for instance), second, if we were
1 We also assume that men and women are affected equally by unemployment 
and that the effect of such situations, which vary from country to 
country, cancel out.
We must note that the series on salaries were very scarce while the 
series on education were practically complete.
2
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comparing developed countries only, the secondary level of education 
should be taken into account instead of the primary.
In conclusion, we must point out that the main purpose of our 
women indicator is not to include the housework of women in the data, 
but to make the international statistics more comparable in terms of the 
amount of housework actually included in GDE in the various countries.
(7) Distribution of income
The theory on which the construction of an index of inequality 
is based was developed by Atkinson (1970) and is discussed in Chapter III. 
The inequality index takes the following form:
1 -
y
l-e f(yp 1/l-e
To construct such an indicator, we used the data published by the World 
Bank (1974),1 Such data is available for 73 countries only (out of the 
129 countries of our welfare study). The distribution of income is 
presented for 20 percentiles. One difficulty arises from the fact that 
these distributions are given for different groups in different countries, 
e.g. households, workers, population economically active, etc. It is, 
unfortunately, not possible to obtain the distribution data for an 
homogeneous group for all the countries. As a result a certain amount of 
inconsistency will be present in the calculated inequality index. In 
conclusion, our first choice is the household data, as they seem the best 
suited to a welfare study and also as they have the widest coverage (35 
countries). Finally, the Atkinson index is calculated for three values 
of the parameter e (e=l, e=1.5, e=2) .
We are aware that the search for new indicators can go on end­
lessly. Hence, some limits must be drawn. We shall be content to fill the 
gaps left by the existing indicators and to develop indicators for some of 
the new and more unusual concerns we wished to include in our welfare
1 The data was compiled by Jain (1974).
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approach. Some of the indicators we propose will undoubtedly be contro­
versial, as they are based to a large extent on personal judgment. As a 
result, these new indicators will be presented with some reservation as 
examples of what can be integrated in a welfare index. However, we must 
stress that our task was made difficult by the constraint concerning the 
availability of existing indicators for large series. A general list of 
our indicators of welfare will now be presented.
C
THE INDICATORS OF WELFARE
In a first list, we will present all the indicators we 
considered and experimented upon in this part of our study (see Table 9.2). 
Then the indicators eventually selected for the construction of our 
general index of socio-economic welfare will be gathered in a final list 
and the specific adjustment applied noted (see Table 9.3).
In the following chapter, we will use the indicators listed 
in Table 9.3 in an attempt to aggregate them into an index of socio­
economic welfare.
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Table 9.2
The Indicators of Welfare 
(Comprehensive List)
Food and Nutrition
Calories from Animal Origin 
Calories from Cereal and Starch 
Animal Calories Equivalents
% Calories from other Sources than Cereal and Starch 
Proteins from Animal Origin 
% Proteins from Animal Origin
Clothing
Textile Consumption
Housing
Average Density 
% of Houses with Electricity
Health
Infant Mortality
Infant Survival
Average Life Expectancy
Hospital Beds per 10,000 Inhabitants
Physicians per 10,000 Inhabitants
Physicians / / Hospital Beds x Inhabitants
Education
School Enrolment 1st and Und Degree 
School Quality Quantity 1st and Und Degree 
Number of Graduates Illrd Degree per 10,000 
Drop Out Rate
Transport
Passenger Cars
Railways Passenger/Km per year
Communication
Telephones
Mail
(Private Telephones) 
(Private Mail)
’ Total
per Inhabitant 
per Km2
per Population
Distance
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Table 9.2 (Cont'd.)
Recreation and Entertainment
Radios
Newspapers
Televisions
Environment
Pollution-Congestion
Urbanisation
% of Inhabitants in Cities greater than 
500,000
Contribution of Women
% of Employable Women at Home 
Relative Efficiency of Women
Distribution of Income
Atkinson Inequality Index
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Table 9.3
The Indicators included in the Construction of 
The Index of Socio-Economic Welfare 
and their Specific Adjustments
Adjustments
1 . Food and Nutrition
% of Calories from other sources than 
Cereal and Starch 
Animal Proteins
Lusk
Lusk
2. Clothing
Textile Climate
3. Housing
Average Density 
% of Houses with Electricity
Z-Lusk
Adjusted with 
electricity P to esti­
mate missing data.
4. Health
Infant Survival 
Average Life Expectancy 
Hospital Beds per 10,000
5. Education
School Enrolment 1st and Und Degree 
School Quality Quantity 1st and Und Degree
6. Transport
Passenger Cars
7. Communication
Telephones
Mail
8. Recreation and Entertainment
Adjusted to estimate 
private sector 
only
Radios
Newspaper
Adjusted with average 
number of rooms
9. Environment
Pollution-Congestion
Urbanisation
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Table 9.3 (Cont'd.)
10. Contribution of Women
Extent of Employable Women at Home Weighted 
by the Relative Efficiency of Women
11. distribution of Income
Atkinson Inequality Index.
CHAPTER X
THE WELFARE INDICES
In the previous chapter, we have presented and discussed a 
number of non-monetary indicators that could be used to illustrate our 
concept of socio-economic welfare. However, it must be stressed that 
these indicators represent by no means the final answers to welfare and 
other authors might construct different lists. This chapter will now 
be devoted to the development of methods in order to aggregate such 
indicators into a general index of socio-economic welfare (SEW). The 
methods applied will be based on certain principles and will use certain 
techniques already discussed at length in Part II (balanced sample, 
principal component analysis, etc.) In such cases, we will simply refer 
to the previous discussions. However, new assumptions and new techniques 
specific to the construction of the index of SEW will have to be spelled 
out and their discussion will represent a crucial part of this chapter. 
Finally, the resulting indices will be presented, followed by some 
comments.
A
THE METHODS
As in Part II, our basic task is to aggregate a number of 
non-monetary indicators expressed in various units of measurement. We
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have found that, in such cases, the most satisfactory technique is 
principal component analysis. Our data will thus be submitted to such 
an analysis in order to obtain a set of weights which will permit the 
calculation of the first principal component. At this point, a special 
approach will be developed to deal with the negative externalities of 
consumption. We believe that the first principal component represents 
a synthesis of the concept which is common to all the indicators of 
socio-economic welfare and as such can be considered as a primary index 
of SEW. The countries may be ranked along this index. However, due to 
their nature, two indicators for the interactive elements of SEW, 
contribution of women and distribution of income, could not be included 
in the principal component analysis. Using techniques already presented 
in Part II, we will use an existing monetary aggregate and regression 
analysis to transform the primary index of SEW into a cardinal measure. 
Then we will be able to take into account the remaining two interactive 
elements of SEW mentioned above.
Our approach will now be presented in detail. The discussion 
will be divided into the major issues encountered, concerning the data, 
the treatment of the negative externalities and the method of integrating 
the two interactive elements of SEW, contribution of women and distribu­
tion of income.
I. Treatment of the data
Under this heading, various problems concerning the basic 
choice of the variables, the problems stemming from their various scale, 
and the handling of the missing data, will be regrouped.
The task of transforming or adjusting or constructing various 
indicators in order to obtain better indicators of SEW has already been 
discussed at length in the previous chapter. Also the requirement of
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choosing indicators for each of the main elements of SEW has been 
stressed. A further consideration is needed for our choice of indicators. 
We have assumed that the main concept common to each indicator is the 
fact that they all measure a certain aspect of welfare. If we submit 
these indicators to an analysis that will extract in the form of a 
first principal component a new variable which represents the bulk of 
the common variation of the indicators, this new variable, PCI, will 
indeed be identified as an index of welfare and will have the following 
form
for country j
PCI.3 V l j W2a2j + w .a - . + w a . m-1 m-lj m mj
with
i = 1, ..., m number of variables
j = 1, ...» n number of countries
[w^,W£,•••,wffl] is the first characteristic vector
aij * a2j * * * * ’ amj as tlie score f°r country j on each
indicator.
On the other hand, the other components will correspond to other concepts 
or to residuals which are not relevant to the construction of an index 
of SEW. Hence, it is desirable to obtain a relatively large root corr­
esponding to the first principal component1 in order to capture the 
bulk of the common variability since our task is to summarise the 
indicators into one single index. Consequently, we experimented with 
the variables by performing a number of principal component analyses.
1 See Chapter VII for the description of principal component analysis.
$
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As a result, a number of indicators like drop out rate, railways 
passenger/km/population distance, hospital beds / / physicians x inhab­
itants, % of population in cities greater than 500,000 were rejected 
because they did not correlate well with the other variables.1
As we have often pointed out, principal component analysis 
does not create any new information, but merely summarises existing 
information in a readily examinable form. Hence, the first principal 
component is only a reflection of the variables included in the analysis. 
The choice of the variables is thus crucial. As a consequence, experi­
menting at random with the variables in order to get a larger first root 
or more significant weights could lend itself to criticism. To avoid 
such pitfalls, we were careful to carry out our experiments under very 
strict rules: indicators were substituted for similar ones (e.g.
urbanization versus % of inhabitants in cities greater than 500,000 
inhabitants) and each of the nine non-interactive components of SEW was 
always represented by some indicators. ’.In conclusion, with the help of 
a carefully selected sample of indicators, we were able to construct a 
first principal component that could explain in the neighbourhood of 90% 
of the total joint variation of the transformed variables.
The next problem encountered at the level of the data concerns 
the form in which they should be analysed. The variables have different 
scales and unless they are standardised, the variables expressed with 
the largest figures will obtain the largest weights. These difficulties 
have already been discussed in Chapter VII, and we concluded that two 
approaches were possible; either we could standardise the data matrix
1 Not only does the inclusion of such indicators lower the size of the 
first root, but as they obtain insignificant weights in the first 
principal vector, their impact in the first principal component is 
minimal.
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which would dilute the meaning of the weights corresponding to each 
individual variable in the principal component analysis, or we could 
merely transform the variables into logarithms. In such case the 
weights yielded by the analysis are more meaningful: it was proven that
they are invariant with respect to the units and that their nature is 
similar to elasticities. Unfortunately, we still have a scale problem 
when we construct the first principal component by multiplying the 
transformed data matrix by the weights as the variables expressed in 
large figures seem to carry a greater impact. This can be avoided by 
putting the variables in index form (with one fixed point only in order 
to obtain the same weights). The highest score for each variable will 
be set equal to 10,000 and the other scores will be calculated by a 
simple division.* 1
Once we decided upon using the covariance matrix of the indexed 
variables in logarithm form to carry out the principal component analysis, 
we were faced by a new difficulty concerning the missing data. The method 
which had been developed in Chapter VII could not apply here because it
1 This method differs from the usual mean-standard deviation standard­
isation in the following manner. We actually extract the principal 
components from the cross-product matrix constructed with the 
deviation from mean, x^, of the following variable,
X
i, where C is a constant equal to the highest score on this 
C
variable divided by 10,000,
Xi *ihence, x = log —  - log —  which reduces to1 L L
X± = log X± - log X± .
On the other hand, if we were normalising the variable, log as 
in Part II, we would extract the principal components from 
the correlation matrix constructed with z .l
such that
zi
log X. - log X ± 
°log X^
a being the variance of the variable log X^.
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could work only with standardised data, i.e. that had been transformed 
artificially in the same scale. As a result, we chose to use two differ­
ent methods to fill the data matrix. In the rare cases where a variable 
had only very few observations missing, the absent score was replaced by 
substituting similar countries to estimate it. In the other case, cross­
country regressions were run between the incomplete variable and other 
variables measuring similar concepts. The best regression was selected 
and its coefficients were used to predict the missing scores. The 
variables affected and the number of their missing scores are presented 
in Table 10.1 and the regressions are presented in Table 10.2. The 
number of missing variables for each country will also be noted later 
on as this will affect the reliability of the results.
Finally, as the concept of balanced sample proved to be very 
useful in Part II, we decided to retain the same approach. Thus the 30 
country sample of Part II minus Taiwan1 was used to derive the weights 
and various regression coefficients which were then applied to the 
other 100 countries included in the welfare study.
II. The negative externalities of consumption
The next important problem connected with the construction of 
our general index of SEW appeared when we chose indicators for our ninth 
partial component, environment. It is very difficult to measure or 
compare how a country benefits from being situated in a preferred environ­
ment. Although we cannot measure the environment in a positive manner, 
we find obvious socio-economic aspects to the deterioration of his 
environment by man in the form of pollution, congestion, etc., and these 
aspects are measurable. Hence, we will include in our experiments 
indicators for such negative externalities of consumption. They will 
have to be treated in a special manner for the following reason: when
1 The social data for Taiwan were scarcer than the purely economic data 
needed in Part II.
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Table 10.1
Indicators Presenting Missing Scores 
Grouped According to the Method used to Fill the Gaps
Missing Data Estimation Number of Missing Scores 
out of 129 Countries
Calories not from Cereal and Starch 2
Animal Calories 2
Textile 6
Life Expectancy 1
Hospital Beds 2
School Enrolment 1
Passenger Cars 4
Telephones 3
Radio s 2
Missing Data Predictions with the help of Regression
Analysis
Average Density 47
Electricity 10
Infant Mortality 15
School Quality Quantity 8
Mail 40
Newspaper 26
Total number of missing scores 169 
representing 8% of total data matrix
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Table 10.2
Regressions Performed to Predict the Missing Scores
Form: log log
R2
Constant
3 b l b 2 b 3
Average Density
against ^
Animal Protein and 
Hospital Beds
4.29714 .27662 .222935
Electricity
against .85
Telephones
5.16718 .492537
Infant Mortality
against .62
Life Expectancy
7.23869 .213853
School Quality-Quantity
against .97
School Enrolment
4.15032 .54355
Mail
against 7g
School Enrolment 
and Telephones
-2.34804 .427012 .767633
Newspaper
against
School Enrolment .78
Telephones and
Radios
-6.95962 1.13975 .380364 .262827
Note: All the coefficients presented in this table are significant.
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these indicators are included in the principal component analysis, as 
they are positively correlated with all the other indicators of welfare,1 
they get a positive weight. As a result, they are treated as an asset 
when they really are a liability. We will have to correct this statisti­
cal misinterpretation by changing arbitrarily the weight yielded by the 
principal component analysis from positive to negative. (The character­
istic vector still remains normal.)
For instance, if the weight allotted to a negative externality 
by the principal component analysis is w^ and the score on the indicator 
of diseconomy is a^, the first principal component will take the 
following form.
PCI alwl + a2w2 + + a,w, + d d + amwm
that we will correct in the following manner
PCI* = alWl + a2w2 + ... - adwd + ... + amwm ,2
We will discuss later the theoretical implications of such an approach. 
However, as our proposal could be controversial and as the indicators 
are not entirely satisfactory,3 we offer two sets of final results, one
1 Pollution and congestion often increase with the level of development.
2 If we transformed these indicators into decreasing functions of the 
other elements of welfare by simply taking the inverse or by multiply­
ing the series by -1, the PCA would automatically allot them negative 
weights. However, when the weighted averages are calculated to con­
struct the PC, the weighted scores on these indicators become an 
increasing function of the weighted scores corresponding to the other 
elements. We are again treating the negative externalities as an 
asset. To avoid doing this, we must arbitrarily multiply the negative 
weights by the untransformed variables; however, this will yield 
equivalent results.
3 In fact, these indicators do not apply readily to the countries which 
have small populations because their calculation is based on the 
number of inhabitants in large cities and such countries do not even 
have large cities.
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including the negative externalities and the other including only 
positive components of SEW.
Ill. The interactive components
We have made a distinction between the non-interactive and the 
interactive elements. The latter could not be included in the original 
PCA for two reasons, one practical and the other conceptual. First, 
these elements, contribution of women and distribution of income, do not 
correlate with the other variables included in the construction of the 
index of welfare. They would thus be allotted insignificant weights in 
the PCA making their inclusion as elements of welfare useless. This 
absence of correlation with the other elements and with welfare itself 
points to the fact that these elements have an entirely different nature. 
Actually, from a conceptual point of view, they should not be included 
additively with the other indicators because they affect the other 
elements in an interactive manner.
For instance, if we know that the inequality score in country 
j is a,, it is not reasonable to construct the following index of welfare
PC1j = alwl + a2W2 + • • ’ + aiwi + • • • + amwm
as the interactive nature of these elements cannot be taken into account 
in an additive manner. A more sensible approach consists of constructing 
the following index.
PCI*. = a.(PCI.) .J i J
Unfortunately, a further problem will appear, because the first principal 
component is a relative measure, as has already been pointed out in 
Chapter VII. It is thus not very helpful to multiply it by a coefficient 
unless it is transformed somehow into a cardinal measure. In Chapter VII,
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a method has been developed and tested that does precisely this with the 
help of regression analysis. We will choose a national account aggregate 
and regress the first principal component against it. The resulting 
estimate, perfectly correlated with the first principal component, can 
then be considered as an index of welfare which possesses the property 
of having been transformed into the absolute scale of the national 
account aggregate chosen. The latter, therefore, plays the role of an 
instrumental variable. Once our first principal component is transformed 
into an absolute scale, it is easy to correct the new index for the 
various proportions of women that could potentially join the labour force 
and for the loss in real welfare due to the various degrees of inequality. 
The women indicator was available for the 129 countries of the large 
sample.1 Unfortunately, the inequality series included only 73 of these 
countries. Two corresponding series of results will thus have to be 
presented in the following section.
B
APPLICATION OF THE METHODS
Various sets of results will be presented corresponding to 
various concepts of welfare. As we have already noted in the last 
chapter, we favour a concept of current welfare that includes eleven2 
elements. The first nine elements are non-interactive. Moreover, the 
ninth element, environment enters negatively (in the form of negative 
externalities). The last two elements are the interactive elements.
1 In Part II, the large sample included 131 countries but, in Part III, 
we have to drop two countries, Mongolia and PD Yemen, which have very 
poor welfare-oriented data.
We plan to measure current welfare rather than sustainable welfare.2
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Consequently, we will calculate primary indices of welfare by using the 
non-interactive elements only and general indices of welfare by adding 
the effect of the two interactive elements. Furthermore, two primary 
indices will be calculated according to whether we include the more 
controversial element, environment measured by negative externalities, 
and two general indices1 will be presented, as the data on inequality, 
the second interactive element, are rather scarce. Finally, some 
sensitivity studies will be performed on the general indices in the form 
of the inclusion or the non-inclusion of the negative externalities. The 
data, in index form and including predictions for the missing data, are 
presented in Appendix 10.1.
I. Primary indices of welfare 
(1) Eight elements of welfare
The results of the principal component analysis (PCA) based on 
eight elements of welfare (i.e. with 13 indicators) with the 29 country 
balanced sample (PCA^) , are as follows. The percentage of the total 
variation accounted for by the first principal component is 90.08 and the 
corresponding weights (ranked) for the 15 indicators are:
1 Passenger Cars .509
2 Telephones .453
3 Mail .366
4 Radios .343
5 Newspapers .316
6 Hospital Beds .251
7 Animal Protein .175
8 % Houses with Electricity .175
9 Textile .142
10 Average Density .113
11 School Enrolment .103
12 % Calories not from Cereal and Starch .099
13 School Quality Quantity .061
14 Life Expectancy .048
15 Infant Survival .011
1 One based on ten elements only and the other on eleven elements.
301
The first five variables get the highest weights for the 
following purely statistical reason. As shown in Chapter VII, the weights 
are increasing functions of the covariances and of the correlation 
coefficients. Since the economic variables happen to present the 
highest variances (note that these variances are independent of the units 
as the variables are transformed into logarithms) and since they also 
happen to possess the highest average correlation with all the other 
variables, they automatically carry the greatest weights in the first 
characteristic vector.1 I
The first principal component, W15, for 129 countries based 
on these weights is presented in Table 10.3
(2) Nine elements of welfare
The results of PCA based on nine elements of welfare (i.e. 
with 17 indicators) with the 29 country balanced sample (PCA^) are as 
follows. The percentage of the total variation accounted for by the 
first principal component is 90.32 and the corresponding weights (ranked) 
for 17 indicators are:
1 Passenger Cars .459
2 Pollution Congestion -.421
3 Telephones .407
4 Mail .328
5 Radios .309
6 Newspapers .285
7 Hospital Beds .226
8 Animal Protein .158
9 % Houses with Electricity .158
10 Textile .127
11 Urbanization -.115
12 Average Density .101
13 School Enrolment .094
14 % Calories not from Cereal and Starch .089
15 School Quality Quantity .056
16 Life Expectancy .044
17 Infant Survival .010
1 This would also happen if the PCA was applied to the correlation 
matrix as the weights would then depend solely on the correlation 
coefficients.
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Table 10.3
Results with the Positive Elements of Welfare
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1 0 8 A N G O L A 1 , 0 8 0 1 9 . 0 8 5 0 1 8 8 2 0 4
1 0 9 b u l g a r 1 , 0 6 0 2 3 , 9 2 4 5 8 5 6 9 0 3
1 1 0 C HAD 1 , 0 2 0 ..... ........... 1 4 , 1 8 8 2 4 1 4 2
1 1 1 C UB A 1 , 0 0 0 2 1 , 4 5 8 2 3 9 6 3 9 6
1 1 2 C Z E C H O 1 > 6 0 2 5 . 7 2 3 5 1 5 0 2 1 5 8 9
1 1 3 D A H O N E 1 , 0 6 0 1 6 , 1 0 9 2 7 4 7 9
1 1 4 E G E R M 1 , 1 0 0 2 5 . 8 5 2 9 1 5 6 4 1 7 2 1
1 1 5 g u i n e a 1 . 0 6 0 1 5 , 7 8 0 2 « 7 7 1
1 1 6 H O N G K G 1 , 1 1 0 2 3 . 7 6 6 4 8 1 5 9 0 1
1 1 7 H U N G A R 1 . 1 1 0 2 4 . 3 2 2 3 9 6 9 1 0 7 3
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Table 10,3 (Cont’d.)
GDE WYE
lig119
120\n
133m12 7 128 •129
KHMERL A O S  M A L A Y S  
MALI M A U R I A  M Q Z A M B  P O L A N D  ROMANI SIJRINA U S S R  PDRY E m - Y Q U G O S
1.031.07 
1.09 1.07-
1.04m
1:!81.08 
1 , 0 8  
1.12
17,0987 15.1270 21,5046 
-14.5015 15,5995 17.6957 23,5102 22,6979 22.7093 24.5680 18,3174 23,2859
in
4 1 2  
___4 5 -
104
68
4 4 9
__________ 48
6 3 66m m
383 8J?
1 047 1 133
148 157
701 ---------7 8 2
Note: The adjustment coefficient, F, corresponding to the contribution
of women element is listed in Column 1.
Exchange rate GDE in US dollars is presented in Column 2.
The first principal component, or W ^ , corresponding respect­
ively to 15 and 17 variables is presented in Column 3.
The estimates, WY^ ,. or WY^, calculated with the help of the
coefficients yielded by the two regressions between GDE and the 
first PC, W^ ,. or , (on the 29 country balanced sample) are
presented in Column 4.
Finally, the last column, WYF^ or WYF^ -,, corresponds to the 
estimates, WY^ <_ or WY.^, adjusted with F (Column 1).
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Note that we arbitrarily changed the sign of the weights corresponding 
to the negative externalities. However, the relative ranking of the 
previous 15 indicators is barely affected by the introduction of these 
two new indicators.
The first principal component, W^7, for 1221 countries based 
on these weights is presented in Table 10.4.
II. General indices of welfare
The results of the regression of GDE against the first 
principal component yielded by PCA^7 using the 29 country balanced 
sample are as follows:
Form R2 D-W
Constant
a b
Exponential .96 1.80 -.127361 .451617
The coefficients were then applied to the 122 countries in order to 
transform the primary index into an absolute scale, WY^.Then we were 
able to integrate first, the contribution of women, and second, the effect of 
the distribution of income.
(1) Ten elements of welfare
The correction corresponding to the contribution of women, F, was 
performed in the following manner:
WY17 x (1. + F) = WYF .
The first general index of welfare, WYF^, thus obtained is presented 
in Table 10.4 for 122 countries.
1 The very small countries in population are excluded from this
experiment as the congestion-pollution indicator cannot apply to them. 
(These seven countries are: Luxembourg, Iceland, The Netherlands
Antilles, Malta, Barbados, Gambia and Surinam.)
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T a b l e  1 0 .4
R e s u l t s  w i t h  t h e  P o s i t i v e  and t h e  N e g a t i v e
E le m e n ts  of W e l f a r e
F GDE W17 m i7
wyf17
1 2 3 4 5
1 KUWAIT 1 . 1 8 4 1 8 3 1 7 . 3 2 9 2 701 827
2 USA 1 . 1 4 45 4 1 2 1 . 1 6 8 3 3 9 6 9 454  1L  3 SWEDEN 1 . 1 2 3 7 36 2 0 . 5 2 3 3 2 9 6 6  -  . - 3 3 0 8  .
r  4 CANADA . 1 , 1 5 3 5 1 1 2 0 . 5 1 9 7 2961 3 3 9 7
5 SWITZE 1 , 1 5 2 9 2 6 2 0 . 6 3 4 0 3 1 1 0 3 5 9 7
i 6 OtNMAK 1 . 1 5 2 8 5 9 1 9 . 8 6 6 4 2 2 0 5 2 5 4 3
7 FRANCE 1 , 1 4 2 7 5 3 1 9 . 5 7 3 3 1931 2 2 1 0  j
8 AUST9A 1 . 1 6 2 7 0 9 1 9 . 8 1 3 0 2 1 5 2 2 5 0 4
! 10 NORWAY i :  i s 2 6 2 6 2 0 . 1 4 2 5 2 4 9 8 2 0 8 1
11 WGERHA 1 . 1 5 2 6 0 7 2 0 . 0 9 9 8 2 4 5 0 2 9 2 61 12 8 1 LG IU 1 1 5 - 2 39 3 .........2 0 . 4 2 6 1 2 8 39 -... ... 3 25 7
14 NETHLU 1 . 1 5 2 1 7 8 1 9 ’ 9 8 1 9 2 3 2 3 2 6 6 5
i 1 5 NZ 1 , 1 6 1 904 2 0 . 6 5 6 6 315(1 36  43i 16 UK 1 . 1 3 1 9 7 9 2 0 . 0 6 4 3 2 4 1 1 2 7 3 5
i 17 FJNLO 1 . 0 8 1974 1 9 . 5 8 6 2 1 9 4 3 2 1 0 4  . J
18 LIBYA 1 , 0 6 1 8 4 2 1 6 . 1 9 4 7 4 2 0 444
i 19 PUERTO 1 , 1 0 1 7 6 3 1 8 . 6 4 4 1 1 2 6 9 139120 AU8TRI 1 , 1 2 1 7 5 4 1 9 1 5 6 6 1 1 9 2 5 2 J 5o
t 2 1 JAPAN 1 12 16 60 1 9 . 3 5 3 4 17 49 19 50  .....
22 I SRAEL 1 , 2 1 i 6 4 6 1 8 * 6 6 4 4 1281 1 5 5 2
! 23 ITALY 1 . 1 5 1 669 1 9 . 1 8 0 3 1617 1 8 « 6
24 IRELO 1 . 1 8 1 5 0 2 1 9 , 2 9 6 6 1 7 0 5 2 0 1 1
! 26 VENEZU 1 . 1 7 977 1 6 . 9 1 0 3 5 8 2 6 8 3
27 ARGENT 1 . 1 8 967 1 7 . 7 7 0 9 8 5 6 1 0 1 2
28 GREECE 1 . 1 7 9 5 5 1 7 , 5 8 5 0 7 87 91 7
29 TRI  !0B 1 . 1 7 «8 1 1 8 . 4 3 0 8 1 153 1 3 5 2
. 30! SPAI N 1 20 8 7 0 1Ö. 6 3 9 0  ....... 1 p67 t 5 2 3  ... ,
j 31 S1NGAP 1 . 1 3 838 1 6 , 4 7 4 4 ' 477 ' 537
32 C y p r u s 1 . 1 5 7 7 2 1 8 . 2 9 0 9 1 0 8 2 1 2 4 9
33 SAFRI C 1 , 1 2 757 1 8 , 0 9 4 7 991 1 1 1 4
* 34 URUGUA 1 . 1 4 7 4 9 1 7 . 5 7 8 7 7 8 5 891
35 c h i l e 1 . 1 6 6 93 1 6 . 6 2 4 1 5 1 0 5 9 3
: 36 PANAMA 1 . 1 5 6 0 3 1 7 . 1 6 4 8 657 7 5 3
! 37 GABON 1 . 1 0 6 6 3 1 6 . 7 0 2 0 528 5 8 3
t  38 J  A M A I C 1 1 8 6  4 3 - 1 7 . 8 5 8 4 8 9 0  ___ J 145 1 ........
I 39 MEXICO 1 . 1 5 6 3 5 1 6 . 4 7 9 9 478 5 4 8
■ 41 PfjRTUG 1 . 1 5 5 7 4 1 7 . 5 4 5 9 7 7 3 887
j 43 SAUDI A 1 . 0 2 5 37 1 3 , 4 1 9 1 120 123
1 44 LEBANQ 1 . 2 0 5 2 3 1 7 , 1 7 9 3 6 5 5 7 8 9  i
45 C 0 S T A R 1 , 19 5 0 5 1 6 . 6 9 2 3 526 627
1 46 NICARA 1 . 1 9 417 1 5 , 3 5 4 1 287 3 4 2
47
48
ZAMBIA
1 *S8 SU - 2 4 6. ... 4 6 7 ....... . 2 6 6  5 5 1
49 IRAN 1 . 1 0 36 4 1 4 . 6 3 6 1 2 0 8 2 2 8
50 TURKEY 1 : 0 5 3 6 4 1 5 . 3 4 8 6 287 3 * 2
51 PERU 1 , 1 3 3 6 3 1 5 . 8 7 6 5 3 6 4 4 t 1
52 BRAZIL 1 , 1 9 361 1 6 . 2 2 0 2 425 50 6
53 TAIWAN 1 . 1 3 3 4 9 1 5 . 7 7 4 4 347 3 9 2
54 GUATEM 1 . 1 9 347 1 4 . 8 5 9 9 2 3 0 2 7 3
55 IRAQ 1 , 0 9 3 4 3 1 5 . 3 4 4 9 2 8 6 3 1 0
55 GUYANA 1 . 1 7 3 39 ........ 1 7 . 2 1 0 6 .. . 6 6 4 7 7 9
57 IVORYC 1 , 0 6 3 3 3 H . 0 1 3 1 157 166
58 DOMREP 1 . 1 7 3 3 2 1 4 , 2 5 6 3 175 20 5
59
60
LI BER!
ELSALV
1 . 0 4
1 , 1 5
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2 8 4
1 4 . 0 4 6 9
1 5 , 1 0 0 6
159
2 5 6
165
2 9 4
61 HONOUR U 1 7 2 6 9 i 4 ’ 6 47 7 2 0 9 2 4 5
6 2 GHANA 1 . 0 2 2 6 9 H . S 5 4 1 2 2 9 2 3 5
63 JORDAN 1 . 1 3 2 6 5 1 4 , 5 6 6 5 201 2 2 7
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Table 10,4 (Cont’d,)
!~
64
6566 
67n
7 071
72
73
74
75
76
77
7 8 
79
8 PI 81 
82
83
84858687
88
91
92
9394
9596
97
98
S R H 0 0 ESYRIAE C U A 0 Ü
ALGER 1C Q N G Q BP A R A G U
PHILIPT U N I S IM A U R U SS K O R E As e n e g aM Q R O C C  E G Y P T  8 0 L I V I  T H A I L D  C A M E R Q  S IE RLE SR I LAN  S V I E T N  „.KENYA T OGO m a d a g aP A K I S TCAR
UGANDAS U D A N
NIGER „ . N I G E R  IT A M 7 A N H A IT I  I NDI A  I N O O N E  2 AI RE  Su r m a
1.09
1 , 1 2
1:!Sl:?8 
1 , 1 2  ll 10 
1 . 1 6  1.08
1.10
1.07 1 , 1 1  
1 , 111.03
1.111.07
1 . 1 01.09
1.08
1.071.07 
1.051.04
1.081.07
1.07
1 . 1 00214
09
,091.08
1 .11
GDE
26325 8liim
239 
236 
229 
229 
215 
211  
210  194 
182 1 76 
166 
162 
160 135m 1 28 127 
125 
113 
97.97
94
93
91898686
99 NEPAL100 MALAW .03 78L110  ... 57 ...  
101 ETHIOP
1102 SOMALI
103 ÜVOLTA■ 104 BURUND
105 RWANDA106 AFGHAN
107 ALBANI10« A N G nI A
.05 66L , 06 65
L.07 62[,07 57
1.05L ,02 0
1.07 0.08 0 __ __
109 BULGAK 1.06 0
110 CHAD 1.02 O
; 111 CUBA 1,00 o
112 C7ECH0 1.06 0113 OAHQNE 1,06 0
114 EGERN 1,10 0
115 GUINEA 1.06 0116 HONGKG 1.11 0
117 HUNGAR
1 18 KHMER
119 LAOS
120 MALAYS
121 MALI122 MAURIA123 MQ7AMB
m S8hÄK¥
127 USSR
428___ PDRYEM-----
129 YUUGOS
1:11 81.07 01*09 0
1.07 0
1.04 0
1.10 o
1.06 2[ . 06 0
L ,08 0
1,06- - .0.- ---
1.12 i"
L
Note: See note on Table 10.3.
17
13:538!13:3551
15.924614.2594
14.761514.7313
15.5266
15.0971
13.7730
14.1987
15.080214,8266
13,127112,5486
13.842615,3859
13.6708
14.28191 3 : 8 3 »if:813!13.6707 12.9758 
11.3036 
12.2386 
12,5066 12,0093 
13.1107 12.2062 
12.2603 1 1.9502
U : S S 5 J
2.9801
1.4896
7 I 6099 
8.27 97 2,7617
7.8749
7.5711
WYi? OTF17
4 5
297286278189
38! ‘ l?S
m
21731125614J171
153245240380277154. 18225422610581145291
1»
28 1 25 1 108 90 155 320ill
iS?64 61 1 34 96 46 7 0
ill331451054977796310469u
102-
n
'll7769
______ 112
Si9850400174
1?4457106514301881034374001642
17^ 58 7 96
"!1 4 7 0 1736
18 7 9
______ 881107789
aU4165120
1192 192
4314467132
8977821143165-
9468251237175791 883
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(2) Eleven elements of welfare
Finally, the adjustment yielding the concept of "equally 
distributed equivalent" (cf. Atkinson (1972)) with the help of Atkinson 
inequality index, I,1 was performed as follows:
WYF1? x (1. - I) = w y f i17 .
This last general index, WYFI^, is presented in Table 10.5 for 69 
countries only.
Ill. Sensitivity studies with the negative externalities
As the treatment of the negative externalities forced us to 
reject a number of small countries (in population) from the SEW indices 
presented above, the general indices of welfare were also calculated 
without this more controversial ninth element, i.e. based on PCA^ above.2 
A new regression had to be run between GDE and the first principal com­
ponent using the 29 country balanced sample.
2 Constant
Form R D-W a b
Exponential .96 1.83 -.731076 .31278
Then the same procedure was applied to calculate W Y ^  for all 
the countries. Similarly, WY^ ,. was used to integrate the contribution of 
women. This yielded WYF^^ which, in turn, was transformed to construct 
the final index WYFI^ that includes the effect of the distribution of 
income (also three indices for WYFI^ were calculated according to the 
values of the parameter e) . WY^ ,_ and WYF-j^  cou -^^ obtained for the total
* Three sets of results are presented corresponding to three different 
values for the parameter e: e = 1, e = 1.5, and e = 2 (cf. Chapters
III and X).
2 i.e. with 15 indicators only.
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T able  1 0 .5
G eneral I n d ic e s  o f  W elfare  Based on the  P o s i t i v e  
and th e  N e g a t iv e  Elements
w y f i 1 7
■ ■ A ,
1 GDE WY1 7
WYF17 e = l .  0 e = 1 . 5 e = 2 . 0
\
USA 4 5  4 1 3 9  6 9 4 5 4  1 3 2 5 8 2 6 0  1 2 0 U  13 5 U L D E U 3 7 3 6 2 9 6 6 3 3 0 « 2 4 3 5 2 3 3 6 1 6 9 3
H C A NADA 3 5  11 2 9 6  1 3 3 9 7 2 8 n  b 2 4 6 9 2 1 3 2
6 D E N M a R 2 8 5 9 2 2 ( 5 2 5 4 3 1 7 5 9 1 4 ( 1 8 - - , j n 2
7 F R A N C E 2 7 5 3 1 9 3  1 2 2 1 3 1 2 4 8 8 4 5 5 6  1
R A U S T R A 2 7 fy 9 2 1 5 2 2 5 0 4 2 0  8 fj I 8  6 0 1 6  4()
»V N 0 R W A V 2 6 2 6 7 4  9 0 2 8 8  1 2 1 6 0 1 7 3 5 1 3 2 5I 5 wG E R M a 2 6 " 1 2 4 5 f 2 8  2 6 1 9 4  1 1 7  1 0 1 5 3 3
1 4 N E T H L D 2 1 7 3 2 3 2 3 2 6 6 5 l 7 0  8 1 1 3 2 6 2 5
* ^ M Z 1 9 8 4 3 I 5 0 3 6  4 3 2 5  2 4 1 0 5  1 1 2 3 7
l 6 UK 1 9 7  9 2 4  11 2 7 3 5 2 2  2 9 1 9 7 4 1 7 2 7
1 7 F I N L t ) 1 9  7 4 1 7 4 3 2 1 »; 4 1 2 8 6 8 8 7 5 8  1
I n L I B Y A 1 8 4 2 4 2?> 4 4  4 3 7 7 3 7 7 3 6 0
l 9 P U E R T O 1 7 6 3 1 2 6 9 1 3 9  1 9 7  6 8 2 2 6 9 8
2 t j a p a n 1 6 6  U 1 7 4 9 1 9 5 'J 1 6 5 2 1 5 2  1 1 4 0 3
! 2 ? I S R A E L . 1 6 4 6 1 2 8  1 1 5 5 2 J. 2 9 6 1 1 7 0 1 0 4 8
! 7 6 V E N E Z U 9 7 7 5 8 2 6 8  3 3 4 6 2 6 5 2 1 42 7 a r g e  n r 9 6  7 8 5  6 I D  1 2 7 4 D 6 6  9 6 1 7
2 « G R E E C E 9 5 5 7 8 7 9 1 7 7 2 4 6 4 7 5 0  1
3T? 5 P A I f j 8 7 Ü 1 2 6 7 1 5  2 3 1 1 7 9 1 n  4 2 9 2 5
i 3 ? C Y P R U S 7 7 2 1 0 8 2 1 2 4 ? 1 C! 5 0 9 7 5 9 U 2
3 3 S A f R I C 7 5 7 9 9  1 1 1 1 4 5 4  3 3 6 5 2 5 7
3 4 U R U G UA 7 4 9 7 8 5 8 9  1 6 3  4 5 2 4 4 3 03 5 C H I L E 6 7 8 5 1 L 5 9 3 3 9 Q 3 3 3 2 9 3
3 6 P ANAMA 6 3  3 6 5 7 7 5 3 4 2 9 3 3 3 2 6 4
3 7 G a b o n 6 6  3 5 2 8 5 8 3 2 9  1 2 3 5 2 0  1
30 J A MA  I C 6 4 3 1 Q 5 1 5 6 2 4 1 6 3 2 Z
3 ^ M E X I C O 6 3 5 4 7 8 5 4  8 3 1 2 2 6 U
..........  ~ ---
2 2 8j 4 4 L E b A N 0 5 2  3 6 5 5 7 8 9 4 7  1 4 1 5 3 7 2
4 5 C O S T A R 5 ~ 5 5 2 6 6 2 7 4 5 3 3 9 4 3 4 8M7 Z A M B I A 3 9  i 2 4 6 2 6 6 1 7 4 1 5 4 1 4 04 8 C O L O U R 3 7  2 4 6 7 5 5  1 3 2  3 2 6  1 2 1 94 9 I R A N 3 6 4 2 0  8 2 2 0 1 5 1 1 2 5 t 0 4
5  ■} T U R K T Y 3 6 4 2 8 7 3 0  2 1 6 9 1 2 9 1 0 0
■ s i ........ P E R U 3 6 3 3 6 4 4 11 1 9 6 1 3 2 7 3
5 2 b r a z i l 3 6 1 4 2 5 5  0 6 2 8 3 2 2 3 1 8 2
5 3 T A I «  A N .3 4 9 3 4  7 3 9  2 3 2 7 3 0 U 1 1 1
5 4 G U A T E M 3 4  7 2 3 3 2 7 3 2 3 7 2 2 2 2 U 95 5 I R A Q 3 4  3 2 8 6 3 1 0 1 4 6 1 rJ 6 8 2
5 6 GUYANA 3 3 9 6 6 4 7 7 9 5 6 2 4 6 7 3 8 7
5 7 I 7 UR Y C 3 3  3 1 5 7 1 6 6 1 0  2 8 3 7 1
5 0 DO MR E l ’ 3 3 2 l 7 5 2 3 5 1 3 6 1 1 3 9 6
___4L. F- L 5 A L V___ . 2 8 4 .... ....... . ... 2 5 6 _____  2  9 4 . . . ....... 1 9  5 1 5 4 1 2  1
6 1 H O N O U R 2 6 9 2 5  9 2 4 5 l 2 0 9 4 7 9
6 4 5 R H 0 D E 2 6  3 2 9 7 3 2 5 1 5 5 1 2 3 1 0  3
6 6 E C U A [) o 2 5 5 2 / 8 3 3 2 1 3 9 1 3 4 8 6
7'.» P H I L I P 2 3 9 2 2C, 2 4  5 1 5 9 1 2 8 1 0 4
7 5 r U N I 5 1 2 3 6 2 1 7 2 4  3 1 5 6 1 2 ? 1 1 0
7 3 5 K 0  R E A 2 2 9 2 5 6 2 7 7 2 2 3 2 0  2 1 8 6
7 4 S E N E G A 2 1 5 t 4 1 1 5 4 0 4 66 5 3
7 E G Y P T _ 2 1 0 2 5  4 ....... .....2 3  i .... 2 0 ‘ 3 1 7 Q 1 4 3
7 8 e m a i l o 1 8 2 10 5 1 0  8 7 1 6 2 5 68 J 5 R I L A N 1 6 2 2 ?  1 3 2 0 2 5 6 2 3 3 2 1 3
8 2 S V I E T H 1 6 0 1 3 4 1 4 7 1 2 1 1 1 Ü 9 8
8 3 K E N Y A 1 3 5 1 7 7 1 9 1 9 9 8 2 7 3
n 5 MAL AGA 1 3 2 1 4 7 1 5 8 9 6 8 4 7 58 6 P A K I 5 T 1 2 0 6 4 66 5 4 4 9 4 68 8 U G A N D A 1 2 5 1 3 4 1 4 5 1 1 2 9 9 8 9
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Table 10.5 CCont'd.)
wyfi17
GDE WY_ _17
?r S O U  All i I 3 9ft
9 3 T A N Z A N 9ft 7 9
9 5 I N D I A 9 1 l Oft
9ft ft U R M A 8 6 62
1 0 M A L A  ;/ 67 1 0 2
1 0 9 B U L G A K Ü 103ft
1 1 1 C H A D Ü 37
1 I ^ C Z t C H 0 Ü 1 6ft2
1 i 3 D Ahorjfc 0 7 1
1 l 7 H U N G A K 0 15 7 7
1 2 0 M A L A Y S il ftua
1 29 P O L  A NL Ü ... . R 9 7
l 2 b 5 Ü K 1 ! | A 0 6 ft y
1 29 Y 0 U G 0 S u 7 V 1
« " 1 7
1 0 5
a i
1 1 3
6 9 .
e = l . 0
75
5ft
77
...  5ft
e=l. 5
6ft 
ft 7 
6 6 
ft 8 .
e = 2 . 0
56 
ft l
57
...  ftft
1 1 2 79 6 9 62
1 ti 9 l 10 11 9 7 5 9ft 1
3 8 3;; 28 26
1 7 3 6 1 6ft 1 1 5 9 6 1 5 5 2
76 53 ft 6 ft 1
1 1 9 2 1 5 7  0 1 LOft 9 3 5
ft ft5 2 6 9 2 0 1 1 ft 3
9 ft 6 ... 8 ft 7 . 8Cft 7 6 5 i
7 22 6 1 ft 5 7 7 5 ft 7
« 8 3 7 1 8 6 ft 2 S 7 3  ;
Note:
Column 1, 2 and 3 representing respectively GDE, WY^ ,. or , and
WYF^ ,. or WYF^7> are listed a second time only in the case of the few
countries for whom a welfare index including the distribution of 
income can be calculated, for the sake of comparison with these new 
indices.
Columns 4 to 6 inclusive offer three such indices, WYFI^ ,. or WYFI^,
corresponding to three different parameters for the Atkinson 
inequality index.
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sample of 129 countries, while WYFI^ could only be calculated for 73 
countries. These indices are presented in Table 10.3 and in Table 10.6.
C
PRESENTATION OF THE RESULTS
Given the tentative nature of the elements of welfare and the 
controversial nature of the indicators constructed to represent these 
elements, there is little value in a detailed analysis of the resulting 
indices. Hence, we will be content, first, to offer a more descriptive 
presentation of the various SEW indices and to make some general comments 
and, second, to contrast one of the SEW indices to one of the recon­
structed GDE indices.
I. Comparison of the various SEW indices
In Table 10.7 and 10.8, we show the effect of adding the 
correction for women to the primary indices of welfare. It improves 
the ranking of a number of less-developed countries where a large pro­
portion of women are homemakers, but where the gap between the level of 
primary education between men and women is not too drastic. However, 
if the level of education of women is very low, the ranking is not 
improved (e.g. some of the Arab countries). On the other hand, the 
communist countries1 experience a deterioration in their ranking. This 
is due to the fact that as a larger proportion of women are part of 
the work force,their output is already included in WY; hence their 
correction for women is relatively less important than the other 
countries’.
With the exception of a few countries which retain the same rank on 
WYF^ ,. or on WYF^ •
1
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Table 10.6
General Indices of Welfare Based 
on the Positive Elements WYFI15
23_ 4 _678
inU
13.1718 19 
21 
22 26 27 29- 30323334
3536373839 4244454748
49
U 5 ASWEDEN
CANADADENMANFRANCE
AUSTRANORWAYWGERMAN E T H I D
NZUK
f i n l d
JAPAN ISRAEL VENEZU ARGENT GREECE SPAIN CYPRUS 
S A F R IC URUGUA CHILE 
p a n a m a  
G a b o n  J A M AIC MEXICO B A R B A D LEBANO CUSTAR ZAMBIA COLOMB IRAN
50___ TURKEYSi53545556575960 61 64 66 
7 0 71J i7678
ii838586
PERU BRAZIL TAIWAN GUATEM IRAQGuyanaI V OR Y CDÜMREPELSALVHONOURSRHODEECUADOPHILIPT U N I S lSKOREASENEGAEGYPTTHAILD
s r t l a nSVIETNKENYAM A D A G APAKIST
GDE
4 541 3736 3511 .2 8 59 2753 2709 2626 2607 2178 
1984 1979 _ 1974 
18423 763 1660 1646977 967 955 - 
870 772 757 749 698 
683 663 __.6 4 3 _ 635 550 523 505 39 1 372 364 364 
363 361 349 347 343 339 333 -332 284 
269 263 255 §39 236_ S ? 3?AS162160135132128
15
2
3840 
2996 2936 _ 2382 2052 2612 2189 2279 2209 2782 2 4 26- 1880 446 1349 1747 1254 679 
1062 __ 7 53U?8 98 1 1016 5796 55 37 9-_7 1 450 5 1364
7 09 549 253 454
A n .403449
330272 303 534 187_208273 205 34 1 30o 
236 260 
247__ 185249146?5Ai??71
WYF-
4393 
3341 3369_ 2748 2348 
30 3 8 2524 2629 2534 
3217 2752 2036 
472 1478 1948 1519 797 
1256
____8 7 8-
1431 1060 1103 1154 673 751 4 18 —  842 580 1600 853 655
tit254_293455 53 4 
372 324 328 627 198
e=1.0
3152 2459 2785 
1 900 1325 2524 1893 1806 1624 2229 22 4 3- 1244 
422 103/ 16 50 1 269 403 919 694- 
1 1* 8  898 
538 821 442 428 2^8
_4 50.330 1 269 509 474 179 314 
168 16 4 
21 / 299 
310 282 154 452 
122
e=l. 5
2516 2057 
2 4 4 8...lS!l2257
162015911077
1635198685840187315191145310830— 619-979 828 361 678 378 
332 1 69_3 31-276 1 1 32 449 412 158 254 
139 —  125 1 46 235 
285 264 
112 376 100
313 208 164241 119 92374 178 1 42366 154 115263288 1 137154
267 215 195202 . 110 ö 6276 199 167150 99 86297 238 ?1S159 131 1 18197 102 85183 112 9774 6 0 55
e=2.0
1 936 17 3 0 2115USi1 990 
1161 1 427 595 
10921 7 38___1
562383742
tesi '24976655b___86976625555/
332263144_ 258__242 100 4 
402 364 144 213 116
__ 97___103 192 2«3 248 
87 312 84 
—  11 4 128 
77
T95U S’ll
*7)198 1 36 7 5 87 51
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Table 10.6 (Cont'd.)
GDE \Ti15 UYFir15 e=1.0
e=1.5 e=2.0
1 2 3 4 5 6
§8 UGANDA 125 133 1 41 109 96 2*90 SUDAN 113 93 97 7(4 59 51
93 T A N Z A N 94 09 93 6 3 52 46
95 INDIA 9 1 133 1 12 7/ ....  65 - 56
98 BURMA 06 "75 84 66 59 53
109» m a l a w 67 07 96 «7 59 54
* 109 BULGAR fl 856 903 837 807 779
: 1 1 0 C H A D D 4 1 42 34 31 29
112 CZECHU 0 1532 1589 1 53 2 1463 1421
113 d a h o n e 0 74 79 55 48 43
117 HUNGAR 5! 969 1373 96 3 9(14 842
1 251 MALAYS PI 4 12 4 49 . 2 7 2 203 14 4
124 POLAND PI 752 793 710 674 641
126 S U R I N A PI 585 661 562 529 531
129 YOUGOS PI 73 1 782 636 569 538
Note: See Note on Table 10.5.
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Table 10.7
Comparison Between WY^ ,_ and WYF^ ,.
Rank on 
WY15
Country WY15 Rank onWYFi5
WYFi5
1 USA 3840 1 4393
2 Sweden 2996 3 3341
3 Canada 2936 2 3369
4 New Zealand 2782 4 3217
5 Australia 2612 6 3038
6 Luxemburg 2592 5 3058
7 Switzerland 2587 7 2984
8 United Kingdom 2426 8 2752
9 Denmark 2382 9 2748
10 Belgium 2324 10 2666
11 West Germany 2279 11 2534
12 Netherlands 2209 12 2534
13 Norway 2188 13 2524
14 Iceland 2123 14 2449
15 France 2052 15 2348
16 Austria 1983 16 2221
17 Finland 1880 17 2036
18 Japan 1747 18 1948
19 Ireland 1644 19 1939
20 Italy 1611 20 1859
21 East Germany 1564 22 1721
22 Czechoslovakia 1502 24 1589
23 Nether. Antilles 1484 21 1729
24 Barbados 1364 23 1600
25 Puerto Rico 1349 27 1478
26 Malta 1331 25 1586
27 Israel 1254 26 1519
28 Spain 1190 28 1431
29 Argentina 1062 29 1256
30 USSR 1047 31 1133
31 Uruguay 1016 30 1154
32 South Africa 981 32 1103
33 Hungary 969 34 1073
34 Portugal 952 33 1092
35 Cyprus 919 35 1060
36 Trin. and Tob. 887 36 1040
37 Bulgaria 856 37 903
38 Hong Kong 815 38 901
39 Greece 753 39 878
40 Poland 752 45 793
41 Singapore 750 42 845
42 Kuwait 741 40 875
43 Jamaica 714 43 842
44 Lebanon 708 41 ' 853
45 Yugoslavia 701 46 782
46 Venezuela 679 44 7 97
47 Panama 655 47 751
48 Surinam 585 49 661
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Table 10,7 (Cont'd.)
Rank on Country WY15 Rank on WYFi5
\JY _ WYF,15 15
49 Romania 583 52 615
50 Chile 579 48 673
51 Costa Rica 549 50 655
52 Guyana 534 51 627
53 Mexico 505 53 580
54 Colombia 454 54 536
55 Brazil 449 55 534
56 Libya 446 56 472
57 Malaysia 412 58 449
58 Peru 403 57 455
59 Cuba 396 60 393
60 Gabon 369 59 418
61 Southern Rhodesia 341 61 374
62 Taiwan 330 63 372
63 Albania 314 66 337
64 Nicaragua 313 62 373
65 Ecuador 306 64 366
66 Iraq 303 65 342
67 Mauritius 295 65 342
68 Turkey 279 72 293
69 Syria 275 70 309
70 El Salvador 273 69 313
71 Guatemala 27 2 68 324
72 Sri Lanka 271 71 297
73 Congo Basin 268 73 292
74 Tunisia 260 74 288
75 Zambia 253 77 274
76 Egypt 249 75 27 6
77 South Korea 247 78 267
78 Paraguay 238 76 275
79 Philippines 236 79 263
80 Iran 231 81 254
81 Ghana 228 86 234
82 Algeria 227 80 256
83 Bolivia 220 82 244
84 Morocco 212 87 227
85 Jordan 209 85 236
86 Dominican Republic 208 83 244
87 Honduras 205 84 241
88 Angola 188 88 204
89 Ivory Coast 187 90 198
90 Senegal 185 89 202
91 Kenya 183 91 197
92 Gambia 175 92 188
93 Madagascar 171 93 183
94 PD Yemen 148 95 157
95 Sierra Leone 147 96 157
96 Liberia 147 97 152
97 Thailand 146 98 150
98 South Vietnam 145 94 159
99 Saudi Arabia 138 99 141
100 Uganda 130 100 141
15
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
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Table 10.7 (Cont't,)
Country WY15 Rank on
m !5
m i5
Mozambique 122 101 135
India 103 102 112
Khmer 101 104 104
Cameroun 98 103 109
Togo 96 105 102
Sudan 90 106 97
Tanzania 89 108 90
Malawi 87 107 96
Zaire 84 109 90
Indonesia 80 110 88
Burma 75 112 84
CAR 74 114 77
Dahomey 74 113 79
Haiti 74 111 85
Somalia 72 115 77
Pakistan 71 116 74
Guinea 67 118 71
Nigeria 67 117 74
Mauritania 63 119 66
Laos 55 120 58
Afghanistan 53 121 54
Ethiopia 48 122 51
Mali 45 123 48
Niger 43 124 46
Burundi 41 125 44
Chad 41 127 42
Rwanda 40 126 43
Upper Volta 38 128 40
Nepal 22 129 23
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
317
^ 1 7
4541
3643
3597
3308
3397
3257’
2881
2826
2735
2665
2543
2504
2104
2210
2156
1950
1879
2011
1736
1866
1552
1391
1523
1352
1237
1249
1192
1091
1114
946
1051
1012
881
883
917
891
825
887
827
779
753
789
683
583
627
593
548
537
Table 10.8
Comparison Between WY^ -, and WYF^
Country WY17 Rank on 
«"17
USA 3969 1
New Zealand 3150 2
Switzerland 3118 3
Sweden 2966 5
Canada 2961 4
Belgium 2839 6
Norway 2498 7
West Germany 2450 8
United Kingdom 2411 9
Netherlands 2323 10
Denmark 2205 11
Australia 2152 12
Finland 1943 15
France 1931 13
Austria 1925 14
Japan 1749 17
East Germany 1708 18
Iceland 1705 16
Czechoslovakia 1642 20
Italy 1617 19
Israel 1281 21
Puerto Rico 1269 23
Spain 1267 22
Trin. and Tob. 1153 24
USSR 1143 26
Cyprus 1082 25
Hungary 1077 27
Bulgaria 1034 29
South Africa 991 28
Poland 897 32
Jamaica 890 30
Argentina 856 31
Hong Kong 796 37
Yugoslavia 791 36
Greece 787 33
Uruguay 785 34
Romania 782 39
Portugal 773 35
Kuwait 701 38
Guyana 664 41
Panama 657 42
Lebanon 655 40
Venezuela 582 43
Gabon 528 46
Costa Rica 526 44
Chile 510 45
Mexico 478 48
Singapore 477 49
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Table 10.8 (Cont’d.)
ink on Country WY17 Rank on WYFi7JY- WYF,17 17
49 Colombia 467 47 551
50 Brazil 425 50 506
51 Libya 420 52 444
52 Malaysia 408 51 445
53 Albania 400 53 430
54 Cuba 400 56 400
55 Congo 372 55 405
56 Peru 364 54 411
57 Taiwan 347 57 392
58 Mauritius 311 58 360
59 Southern Rhodesia 297 61 325
60 Sri Lanka 291 63 320
61 Nicaragua 287 59 342
62 Turkey 287 65 302
63 Iraq 286 64 310
64 Syria 286 62 321
65 Equador 278 60 332
66 El Salvador 256 66 294
67 South Korea 256 68 277
68 Egypt 254 67 281
69 Zambia 246 70 266
70 Guatemala 230 69 273
71 Ghana 229 76 235
72 Bolivia 226 72 251
73 Paraguay 220 71 253
74 Philippines 220 73 245
75 Tunisia 217 75 240
76 Honduras 209 74 245
77 Iran 208 77 228
78 Jordan 201 78 227
79 Algeria 189 79 213
80 Kenya 177 81 191
81 Dominican Republic 175 80 205
82 Angola 174 82 188
83 Morocco 171 83 182
84 PD Yemen 165 84 175
85 Liberia 159 86 165
86 Ivory Coast 157 85 166
87 Madagascar 147 87 158
88 Sierra Leone 145 88 155
89 Senegal 141 89 154
90 South Vietnam 134 90 147
91 Uganda 134 91 145
92 Saudi Arabia 120 93 123
93 Mozambique 120 92 132
94 Thailand 105 96 108
95 India 104 94 113
96 Malawi 102 95 112
97 Rwanda 98 97 106
98 Sudan 98 98 105
99 Togo 92 99 98
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Table 10.8 (Cont'd.)
Rank on 
WY17
Country WY17 Rank on 
"*17
WYFi7
100 Khmer 89 100 92
101 Cameroun 81 101 90
102 Tanzania 79 102 81
103 Zaire 71 103 77
104 Dahomey 71 105 76
105 Nigeria 70 104 77
106 Indonesia 69 106 76
107 Somalia 65 108 69
108 Mauritania 65 110 67
109 Pakistan 64 111 66
110 Haiti 63 107 72
111 Burma 62 109 69
112 CAR 61 112 63
113 Guinea 58 113 61
114 Burundi 53 114 57
115 Laos 51 115 54
116 Afghanistan 50 116 54
117 Niger 46 117 49
118 Upper-Volta 41 118 44
119 Mali 41 119 44
120 Ethiopia 40 120 42
121 Chad 37 121 38
122 Nepal 23 122 23
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In Table 10.9 and 10.10, we show the effect of adding the 
distribution of income to a reduced sample of countries as the inequality 
data are incomplete. Here, our results definitely suffer from the lack 
of consistency in the inequality series obtained from the World Bank. As 
the author, Jain (1974), points out, not only is the type of population 
used for the surveys variable, but the concept of income is not even 
uniform, as it may or may not include the net effect of the tax subsidy 
operations (e.g. social security). Furthermore, we must add that our 
correction is limited to income inequality although there is no doubt 
that Wealth inequality which might be rather high in certain less- 
developed countries and in Western Europe, has also a deteriorating effect 
on welfare. However, as expected, the inequality correction brings an 
improvement in the ranking of all the communist countries. Also, as a 
whole, the socialist leaning countries fare better and the countries 
governed by a small wealthy ruling class fare worse.
Finally, in Table 10.11, the ranking of the countries on WY^ 
was presented parallely with the ranking on WY^ _, illustrating the effect 
of including an indicator measuring some negative externalities. It is 
very difficult to judge the soundness of these results as there is no 
existing empirical study actually measuring the level of pollution and 
of congestion in the whole world. We can only use our knowledge of a few 
countries to make some remarks. For instance, the improvement for New 
Zealand and Switzerland might be justified. The deterioration for Aust­
ralia is due to the fact that this country has an above average proportion 
of its population living in crowded cities. On the contrary, the USA 
does not score badly because, although they may have some of the worse 
problems of pollution-congestion in certain cities, there is still a very 
large proportion of the population which does not suffer from it as they 
live in small cities and in rural areas. However, as we noted above, there
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T a b le  1 0 .9
C om parison Betw een WYF.^ and WYFI^ <_
Rank on C o u n try WYF Rank on WYFI a Type o f L o c a tio n
OTrX5
J—t
w y fi1 5 (£= 1 .5 )
Sam ple*3 o f sampL
1 USA 4393 1 2516 HH
2 Canada 3369 2 2448 HH
3 Sweden 3341 4 2057* IR
4 New Z e a la n d 3217 6 1635* IR
5 A u s t r a l i a 3038 3 2257 HH
6 U n ite d  Kingdom 2752 5 1986 HH
7 Denmark 2748 8 1521* EAP
8 W est Germany 2629 7 1591* IR
9 N e th e r la n d s 2534 15 1077* IR
1 0 Norway 2524 1 0 1520* IR
1 1 F ra n c e 2348 18 898 HH
1 2 F in la n d 2036 2 0 858* IR
13 Ja p an 1948 1 1 1519 HH
14 B arbados 1600 14 1132* IR
15 C z e c h o s lo v a k ia 1589 1 2 1460* W
16 I s r a e l 1519 13 1145** HH U
17 P u e r to  R ico 1478 19 873 HH
18 S p a in 1431 17 9 7 9 ** HH U
19 A rg e n tin a 1256 2 1 830 HH
2 0 U ruguay 1154 24 678 HH
2 1 S o u th  A f r ic a 1103 34 361* Pop
2 2 H ungary 1073 16 904* Pop
23 Cyprus 1060 2 2 828** HH U
24 B u lg a r ia 23 807* W
25 G reece 878 26 619 HH
26 Lebanon 853 29 449 HH
27 Ja m a ic a 842 35 333 HH
28 V e n ezu e la 797 37 310* EAP
29 P o la n d 793 25 674* W
30 Y u g o s la v ia 782 27 569 HH
31 Panama 751 36 332* EAP
32 C h ile 673 32 378 HH
33 S urinam 661 28 528 HH
34 C o sta  R ica 655 30 412 HH
35 Guyana 627 33 376 HH
36 M exico 580 39 333 HH
37 C olom bia 536 41 254* EAP
38 B r a z i l 534 42 235 HH
39 L ib y a 472 31 401** HH U
40 P e ru 455 51 146* EAP
41 M a la y s ia 449 44 203 HH
42 Gabon 418 46 169* IR
43 S th r n .  R h o d esia 374 52 142* IR
44 Taiwan 372 38 285 HH
45 E cuador 366 57 115* EAP
46 I r a q 328 58 1 1 2 * Pop
47 G uatem ala 324 40 264** HH R
48 E l S a lv a d o r 313 48 164* Pop
49 S r i  Lanka 297 43 216 HH
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
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Table 10.9 (Cont’rd.)
Country WTF Rank on WYFI a Type of Location
W F I 15 (e=1.5) Sample^ of Sample0
Turkey 293 55 125 HH
Tunisia 288 50 154* IR
Egypt 276 47 167 HH
Zambia 274 49 158 HH
South Korea 267 45 195 HH
Philippines 263 53 137 HH
Iran 254 52 139** HH U
Dominican Rep. 244 54 135** HH U
Honduras 241 62 92 HH
Senegal 2 0 2 63 8 6* Pop
Ivory Coast 198 59 1 0 0 * IR
Kenya 197 65 85* IR
Madagascar 183 60 97* Pop
South Vietnam 159 56 118 HH
Thailand 150 64 86 HH
Uganda 141 61 96 HH
India 1 12 66 65 HH
Sudan 97 67 5 9 ** HH U
Malawi 96 69 59 HH
Tanzania 90 71 52 HH
Burma 84 68 5 9 ** HH U
Dahomey 79 72 48* Pop
Pakistan 74 70 55 HH
Chad 42 73 31* Pop
The results without asterisks are comparable and correspond to 
household surveys in a cross-section of the total population. 
Those with one asterisk are based on different types of samples. 
Those with two asterisks represent urban or rural household 
surveys.
k HH Households
IR Income recipients 
EAP Economically active population 
W Workers 
Pop Population
For further description of these groups see Jain (1974).
C U Urban
R Rural
when relevant, otherwise total population.
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Table 10.10
Comparison Between WYF^ 7 and WYFl^
Rank on
«"17
Country WYFi7 Rank on
w y f i 1 7
w y f i 1 7  
(e=l.5)
1 USA 4541 1 2601
2 New Zealand 3643 6 1851*
3 Canada 3397 2 2469
4 Sweden 3308 3 2036*
5 Norway 2881 7 1735*
6 West Germany 2826 8 1710*
7 United Kingdom 2735 4 1974
8 Netherlands 2665 13 1132*
9 Denmark 2543 1 1 1408*
1 0 Australia 2504 5 1860
1 1 France 2 2 1 0 19 845
1 2 Finland 2104 18 887
13 Japan 1950 1 0 1521
14 Czechoslovakia 1736 9 1596*
15 Israel 1552 1 2 1170**
16 Spain 1523 14 1042**
17 Puerto Rico 1391 2 0 822
18 Cyprus 1249 16 9 7 5 **
19 Hungary 1192 15 1004*
2 0 South Africa 1114 32 365*
2 1 Bulgary 1091 17 97 5*
2 2 Jamaica 1051 28 416
23 Argentina 1 0 1 2 2 2 669
24 Poland 946 2 1 804*
25 Greece 917 23 647
26 Uruguay 891 26 524
27 Yugoslavia 883 24 642
28 Lebanon 789 29 415
29 Guyana 779 27 467
30 Panama 753 34 333*
31 Surinam 722 25 577
32 Venezuela 683 36 265*
33 Costa Rica 627 30 394
34 Chile 593 33 333
35 Gabon 583 28 416*
36 Colombia 551 37 261*
37 Mexico 548 38 260
38 Brazil 506 41 223
39 Malaysia 445 44 2 0 1
40 Libya 444 31 377**
41 Peru 411 48 132*
42 Taiwan 392 35 300
43 Ecuador 332 57 104*
44 Southern Rhodesia 325 53 123*
45 Sri Lanka 320 40 233
46 Iraq 310 56 106*
47 Turkey 302 49 129
48 El Salvador 294 47 154*
49 Egypt 281 45 170
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
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Table 10.10 (Cont'd.)
Country "**17 Rank on 
^ 1 7
WYFIi? 
(e=l.5)
South Korea 277 43 202
Guatemala 273 42 2 2 2 **
Zambia 266 46 154
Philippines 245 51 128
Honduras 245 59 94
Tunisia 240 50 129*
Iran 228 52 125**
Dominican Republic 205 54 113**
Kenya 191 62 82*
Ivory Coast 166 60 83*
Madagascar 158 61 84*
Senegal 154 69 66*
South Vietnam 147 55 110
Uganda 145 58 99
India 113 65 66
Malawi 112 63 69
Thailand 108 67 62
Sudan 105 66 64**
Tanzania 81 70 47
Dahomey 76 71 46*
Burma 69 69 48**
Pakistan 66 68 49
Chad 38 72 28*
aSee notes on Table 10.9.
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Table 10.11
Comparison Between WY15 and WY17
Rank on WY Country WY15 Country WY17
and on WY^7
1 USA i o o o o a USA i o o o o a
2 Sweden 7802 New Zealand 7936
3 Canada 7646 Switzerland 7856
4 New Zealand 7245 Sweden 7473
5 Australia 6804 Canada 7460
6 Switzerland 6737 Belgium 7153
7 United Kingdom 6318 Norway 6294
8 Denmark 6203 West Germany 6173
9 Belgium 6052 United Kingdom 6075
10 West Germany 5935 Netherlands 5853
11 Netherlands 5753 Denmark 5556
12 Norway 5698 Australia 5422
13 France 5344 Finland 4895
14 Austria 5164 France 4865
15 Finland 4896 Austria 4850
16 Japan 4549 Japan 4407
17 Ireland 4281 East Germany 4303
18 Italy 4195 Ireland 4296
19 East Germany 4073 Czechoslovakia 4137
20 Czechoslovakia 3811 Italy 4074
21 Puerto Rico 3513 Israel 3228
22 Israel 3266 Puerto Rico 3197
23 Spain 3099 Spain 3192
24 Argentina 2766 Trin.and Tob. 2905
25 USSR 2727 USSR 2880
26 Uruguay 2646 Cyprus 2726
27 South Africa 2555 Hungary 2714
28 Hungary 2523 Bulgaria 2605
29 Portugal 2479 South Africa 2497
30 Cyprus 2393 Poland 2260
31 Trin. and Tob. 2310 Jamaica 2242
32 Bulgaria 2229 Argentina 2157
33 Hong Kong 2122 Hong Kong 2006
34 Greece 1961 Yugoslavia 1993
35 Poland 1958 Greece 1983
36 Singapore 1953 Uruguay 1978
37 Kuwait 1930 Romania 19 70
38 Jamaica 1859 Portugal 1948
39 Lebanon 1843 Kuwait 1766
40 Yugoslavia 1825 Guyana 1673
41 Venezuela 1768 Panama 1655
42 Panama 1705 Lebanon 1650
43 Romania 1518 Venezuela 1466
44 Chile 1508 Gabon 1330
45 Costa Rica 1430 Costa Rica 1325
46 Guyana 1391 Chile 1285
47 Mexico 1315 Mexico 1204
48 Colombia 1182 Singapore 1202
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T a b le  1 0 .1 1  ( C o n t 'd . )
on WY^<_ 
on WY17
C oun try
"*15
C oun try WY17
49 B r a z i l 1169 Colombia 1177
50 L ib y a 1161 B r a z i l 1071
51 M a la y s ia 1073 L ib y a 1058
52 P e ru 1049 M a la y s ia 1028
53 Cuba 1031 A lb a n ia 1008
54 Gabon 961 Cuba 1008
55 S o u th e rn  R h o d e s ia 888 Congo 937
56 Taiwan 859 P e ru 917
57 ' A lb a n ia 818 Taiwan 874
58 N ic a ra g u a 815 M a u r i t i u s 784
59 Equador 797 S o u th e rn  R h o d es ia 748
60 I r a q 789 S r i  Lanka 733
61 M a u r i t i u s 768 N ic a ra g u a 723
62 T urkey 727 Turkey 723
63 S y r i a 716 I r a q 721
64 E l  S a lv a d o r 711 S y r i a 721
65 G uatem ala 708 Equador 700
66 S r i  Lanka 706 El S a lv a d o r 645
67 Congo 698 South  Korea 645
68 T u n i s i a 677 Egypt 640
69 Zambia 659 Zambia 620
70 Egypt 648 G uatem ala 579
71 South  K orea 643 Ghana 577
72 P a rag u a y 620 B o l i v i a 569
73 P h i l i p p i n e s 615 P arag u ay 554
74 I r a n 602 P h i l i p p i n e s 554
75 Ghana 594 T u n i s i a 547
76 A l g e r i a 591 Honduras 527
77 B o l i v i a 573 I r a n 524
78 Morocco 552 J o rd a n 506
79 J o rd a n 544 A l g e r i a 476
80 Dom inican R e p u b l ic 542 Kenya 446
81 H onduras 534 Dom inican R e p u b l ic 441
82 A ngola 490 A ngola 438
83 I v o r y  C oas t 487 Morocco 431
84 S e n e g a l 482 PD Yemen 416
85 Kenya 477 L i b e r i a 402
86 M adagascar 445 I v o r y  C oas t 396
87 PD Yemen 385 M adagascar 370
88 S i e r r a  Leone 383 S i e r r a  Leone 365
89 L i b e r i a 383 S e n e g a l 355
90 T h a i la n d 380 S outh  V ie tnam 338
91 S ou th  V ie tnam 378 Uganda 338
92 S au d i  A ra b ia 359 S au d i  A ra b ia 302
93 Uganda 339 Mozambique 302
94 Mozambique 318 T h a i la n d 265
95 I n d i a 268 I n d i a 262
96 Khmer 263 Malawi 257
97 Cameroun 255 Rwanda 247
98 Togo 250 Sudan 247
99 - Sudan 234 Togo 232
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Table 10.11 (Coni'd.)
Rank on WY^ ,_ Country WY15 Country WY17
and on WY^
100 Tanzania 232 Khmer 224
101 Malawi 227 Cameroun 204
102 Zaire 219 Tanzania 199
103 Indonesia 208 Zaire 179
104 Burma 195 Dahomey 179
105 CAR 193 Nigeria 176
106 Dahomey 193 Indonesia 174
107 Haiti 193 Somalia 164
108 Somalia 188 Mauritania 164
109 Pakistan 185 Pakistan 161
110 Guinea 174 Haiti 159
111 Nigeria 174 Burma 156
112 Mauritania 164 CAR 154
113 Laos 143 Guinea 146
114 Afghanistan 138 Burundi 134
115 Ethiopia 125 Laos 128
116 Mali 117 Afghanistan 126
117 Niger 112 Niger 116
118 Burundi 107 Upper Volta 103
119 Chad 107 Mali 103
120 Rwanda 104 Ethiopia 101
121 Upper Volta 99 Chad 93
122 Nepal 57 Nepal 58
Note: The results are presented in index form with USA = 10000 for the 
122 common countries of WY^ <. and WY^.
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is little point in studying and comparing the actual results any 
further as they are based on our own interpretation of how to include 
the environment in a welfare index. Another author might suggest a 
different approach and his results will be different.
II. Comparison of one SEW index with one GDE index
Finally, for the purposes of illustration, we will compare 
one of the SEW indices, WYF^ <_, with one of our GDE indices of Part II,
Y 2PC30, (see Table 10.12) and make a few relevant remarks. On the 
welfare scale, the relative gap between the richest and the poorest 
country is 192/1 while, on the GDE scale, it is only 116/1. Also, the 
welfare scale greatly enhances the level of the USA relatively to the 
other developed countries. The ranking of all the communist countries 
deteriorates on the SEW scale (very drastically for some of them).
Most of the countries of Western Europe experience a slight improvement 
in ranking on the SEW, while the oil producing countries of the Near 
East show a drop in their relative level. Finally, the very poor 
countries, especially from Africa, fare worse on the SEW scale, relatively 
to the rich countries. However, as our SEW indices are based on very 
subjective premises, there is no point in carrying on the comparison 
between the two indices. For instance, with different indicators, the 
USA might not assume such an overwhelming supremacy in terms of welfare.
In conclusion, we will note the various differences1 between 
the methods developed in Part II and the methods developed in this last 
part. First, in Part III, the data used are not raw, but transformed to 
illustrate specifically a concept of socio-economic welfare. Second, 
negative externalities are included and the sign of their resulting weights
l Beside the choice of the indicators.
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Table 10.12
Comparison Between WYF^^ and Y 2PC30
Rank on 
WYF15
Country WYFi5 Y 2PC30 Rank on 
Y 2PC30
1 USA 10000 10000 3
2 Canada 7669 10414 2
3 Sweden 7 605 10660 1
4 New Zealand 7323 8312 6
5 Luxemburg 6961 9111 4
6 Australia 6915 8470 5
7 Switzerland 6793 8109 8
8 United Kingdom 6264 7876 10
9 Denmark 6255 7825 11
10 Belgium 6069 7714 12
11 West Germany 5768 7658 13
12 Netherlands 5768 6937 14
13 Norway 5746 8116 7
14 Iceland 5575 8075 9
15 France 5345 6336 16
16 Austria 5057 6501 15
17 Finland 4635 6014 17
18 Japan 4434 4579 22
19 Ireland 4414 5410 19
20 Italy 4232 4522 23
21 Netherland Antilles 3935 5319 20
22 East Germany 3918 5774 18
23 Barbados 3642 3397 32
24 Czechoslovakia 3617 4794 21
25 Malta 3610 3663 27
26 Israel 3458 3824 26
27 Puerto Rico 3364 4279 24
28 Spain 3257 3473 30
29 Argentina 2859 3448 31
30 Uruguay 2627 2999 35
31 USSR 2579 3555 28
32 South Africa 2511 2676 37
33 Portugal 2486 2585 40
34 Hungary 2443 3896 25
35 Cyprus 2413 2673 38
36 Trin. and Tob. 2367 2304 42
37 Bulgaria 2056 3476 29
38 Hong Kong 2051 2471 41
39 Greece 1999 2664 39
40 Kuwait 1992 3245 33
41 Lebanon 1942 2272 43
42 Singapore 1924 1735 47
43 Jamaica 1917 1735 48
44 Venezuela 1814 2089 45
45 Poland 1805 3151 34
46 Yugoslavia 1780 2259 44
47 Panama 1710 1637 50
48 . Chile 1532 1836 46
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T a b le  1 0 .1 2  ( C o n t 'd . )
Rank on C o u n try WYF Y 2PC30 Rank on
WYF15 Y 2PC30
49 Surinam 1505 1494 54
50 C o s ta  R ic a 1491 1596 51
51 Guyana 1427 1308 58
52 Romania 1400 2838 36
53 Mexico 1320 1355 56
54 Colom bia 1220 1324 57
55 B r a z i l 1216 1570 52
56 L ib y a 1074 1700 49
57 P e ru 1036 1096 60
58 M a la y s ia 1022 1150 59
59 Gabon 952 1017 63
60 Cuba 895 1507 53
61 S o u th e rn  R h o d e s ia 851 843 71
62 N ic a ra g u a 849 881 67
63 Taiwan 847 1071 61
64 E cuador 833 1017 64
65 I r a q 779 1065 62
66 M a u r i t i u s 779 894 66
67 A lb a n ia 7 67 1374 55
68 Guatem ala 738 666 82
69 E l S a lv a d o r 712 818 73
70 S y r i a 703 935 65
71 S r i  Lanka 676 625 85
72 Turkey 667 878 68
73 Congo 665 7 26 76
74 T u n i s i a 656 717 78
75 Egypt 628 859 69
76 P a rag u a y 626 685 81
77 Zambia 624 553 88
78 S ou th  Korea 608 704 79
79 P h i l i p p i n e s 599 695 80
80 A l g e r i a 583 644 84
81 I r a n 578 809 75
82 B o l i v i a 555 720 77
83 D om inican  R e p u b l ic 555 831 72
84 H onduras 549 657 83
85 J o rd a n 537 815 74
86 Ghana 534 464 98
87 Morocco 517 619 86
88 Angola 464 515 94
89 S e n e g a l 460 537 91
90 I v o r y  C oas t 451 543 89
91 Kenya 448 470 96
92 Gambia 428 480 95
93 M adagascar 417 467 97
94 S ou th  V ietnam 362 530 93
95 PD Yemen 357 859 70
96 S i e r r a  Leone 357 404 100
97 L i b e r i a 346 534 92
98 T h a i la n d 341 584 87
99 S a u d i  A ra b ia 321 537 90
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Table 10.12 (Cont'd.)
Rank on
WYFis
Country m !5 Y 2PC30 Rank on Y 2PC30
100 Uganda 321 417 99
101 Mozambique 307 398 101
102 India 255 366 103
103 Cameroun 248 388 102
104 Khmer 237 338 105
105 Togo 232 290 108
106 Sudan 221 347 104
107 Malawi 219 199 120
108 Tanzania 205 300 107
109 Zaire 205 268 112
110 Indonesia 200 221 117
111 Haiti 193 265 113
112 Burma 191 274 111
113 Dahomey 180 224 116
114 CAR 175 240 114
115 Somalia 175 322 106
116 Pakistan 168 290 109
117 Nigeria 168 208 118
118 Guinea 162 233 115
119 Mauritania 150 284 110
120 Laos 132 202 119
121 Afghanistan 123 192 121
122 Ethiopia 116 154 125
123 Mali 109 154 126
124 Niger 105 158 124
125 Burundi 100 148 127
126 Rwanda 98 167 123
127 Chad 96 167 122
128 Upper Volta 91 116 128
129 Nepal 52 97 129
is arbitrarily changed to negative. Third, the data are not standardised, 
but are transformed into deviation from their means. Fourth, the first 
principal component is identified and the other components are neglected, 
hence a special effort is made to obtain a large first root. Fifth, 
two further corrections are performed on the estimates obtained by the 
principal component analysis and the following regression analysis.
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CHAPTER XI
CONCLUSIONS
It would now be interesting to consider the non-monetary 
methods presented in this study in a broader context. Thus we will 
examine the procedure developed to construct a measure of socio-economic 
welfare (SEW) in the light of our succinct theoretical discussions of 
Chapters II and III. In these two chapters, we pointed out that from 
a theoretical point of view comparisons of aggregates were valid only 
if one was willing to make rather narrow assumptions that were discussed 
in detail then. Furthermore, the possibility of making welfare compari­
sons was even more questionable as further restricting assumptions were 
essential. As a result, all the empirical attempts at comparative 
measurements of economic aggregates are carried out under these implied 
assumptions, but the authors usually pass over these theoretical 
questions.
In Chapter III we concluded that these theoretical problems 
were practically insoluble and we, too, were going to ignore them and 
still develop some new methods of comparative measurement based on non­
monetary indicators. Our contribution was going to be on a different 
level: the purpose of our methods was to avoid the monetary distortions,
mainly those brought by the exchange rates, and to add flexibility to the 
problem of inclusion through the non-monetary indicators.
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However, since we have presented the theoretical problems 
involved in any comparison of aggregates (whether they are calculated 
in a monetary or in a non-monetary manner), it is necessary to determine 
which are the assumptions implied by our indices that permit us to claim 
that the first set, in Part II, are indices measuring Gross Domestic 
Expenditure and the second set, in Part III, are indices measuring socio­
economic welfare. As we know that the second claim is based on even 
more assumptions (see Chapter III) beyond those common to both cases, we 
will concentrate our attention to the case of the indices of SEW.
A
THEORETICAL IMPLICATIONS OF THE SEW INDICES
We will thus retrace step by step our statistical procedure in 
order to note the theoretical implications. It will be easier to present 
it first in the case of a two-country and two-commodity model with the 
further statement that these commodities are not inferior, substitute 
nor complement. The two countries, A and B, represent different stages 
of development, A being the richer one. The first commodity, X^, is 
defined to be a luxury, hence the second one, , must be a necessity.
The first step was to transform all the data into logarithms 
in order (1) to linearise their joint variations, and (2) to obtain 
invariant weights from the application of principal component analysis 
(these two points were discussed at length in Chapter VII). The second 
step was to apply principal component analysis to the sums of squares and 
products of deviations from mean matrix (i.e. we use the cross-product 
and not the correlation matrix as we are not standardising the data matrix).
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I. The index function
Finally, the first principal component was chosen as our index 
of welfare so that
I = log(X1/X1) + a2 log(X2/X2).
If Xl^Xl = xl and X2^X2 = X2
the function becomes
I = a log xl + a2 log x .
This index takes the form of an additive logarithmic or 
addilog function  ^ which furthermore is concave in x^ and x2*
The index can also be regarded as an homogeneous function of 
the two commodities expressed as deviations from the mean of their logar­
ithms. Finally, it can be interpreted as a direct socio-economic welfare 
function.
The coefficients and a2 are the elements of the characteristic 
vector corresponding to the first characteristic root extracted from the 
cross-product matrix. As this vector is arbitrary, it is usual to normalise 
it by setting its length at unity, so that
2 , 2  i
al + a2 = 1 •
If we generalise the function to m commodities, X^(i = l,...,m), 
the weights derived from the principal component analysis are a , such
that
and our welfare index thus implies the following additive homogenous 
function
m
I = I <*, log x
i=l
with x (1)
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Furthermore, the raw index function was transformed in order to 
integrate three other concepts related to welfare, the negative external­
ities, the inclusion of non-market goods and services produced by house­
wives, and the degree of economic inequality. To do so, we had to make 
the following assumptions.
First, the m elements, X., of welfare that add to the overalll
concept of welfare are included in a positive manner, i.e. they are 
allotted positive weights a_^ > 0. We now assume that socio-economic 
welfare is a decreasing function of the n element, , which are negative 
externalities of consumption and thus can be reckoned by assigning them 
negative weights -a. < 0.
However, the vector of the weights still remains normal with 
m n
I a2. + I (-a.) = 1.
i=l j=l J
The index function ,1 , thus takes the following formE
m n
XE = I ai lo§ xi " l oti lo8 x, • (2)
i=l j=l J J
Second, we add the goods and services produced by the housewives
for home use and consequently not included in the existing statistics.
The me#thod of correction is based on a very primitive theory of labour
assuming constant return to scale and only one factor of production, labour.
However, this is slightly refined by taking into account skill in the
various countries (with the help of the relative level of education of
women (REW)). Moreover, as the level of skill is usually related to the
level of technology, we are thus introducing a bit more information. If
the proportion of housewives weighted by their relative efficiency (REW)
is F-^, our corrected index function, becomesREW’ ’ EF
m n
IEF = (1 + FREW>[£ “i l0g Xi 108 Xj]-i=l j=l J J
(3)
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Third, the distribution of income is taken into account accord­
ing to Atkinson’s theory (1970). The assumptions implied by his index 
of inequality, atkl, (already presented in Chapter III) concerns the 
existence of a ’’symmetrical and homothetic social welfare function, 
additively separable in individual income”. This method is applied to
our socio-economic welfare function and the final index, I , takes theEr 1
following form:
m n
IEFI = (1_at:kI) ^ 1+Fr e w  ^^  ai 108 xi ~ I ai lo8 (4)i=l j=l J J
We will now return to the function presented in its simpler 
form (equation (1)), as we believe that the three corrections performed 
above do not alter seriously its basic nature,and concentrate our 
attention on the weights, a .
II. Interpretation of the weights
In the traditional methods of welfare comparisons, the quantities 
consumed are weighted by their prices. However, it was shown in Chapter 
II that such an approach raised a number of problems because the prices 
were not uniform. The easy way out consisted of applying the prices of 
a chosen country to all the other countries. However, such a method is 
open to criticisms, as it is quite arbitrary to impose the prices (which 
implies the tastes and the endowments) of one specific country to all the 
others. It would be better to develop weights which are not prices in the 
traditional sense, but which are international and uniform.
The weights yielded by our principal component analysis possess 
these two qualities because their construction is based on the international 
experience. We have also demonstrated that our weights are independent 
of the units in which the variables are expressed. In this respect, they 
are akin to.elasticities, moreover if the correlation between the variables
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tends toward unity, the ratio of the weights of two variables and their 
relative elasticity1 tend towards the same limit. Hence, in a two 
commodity model, if the correlation between these two variables is high, 
the ratio of two weights can be interpreted as an approximation to a 
concept of "marginal relative value" of the two commodities.
Ill. Validity of our welfare comparisons
In conclusion, the assumptions implied in using the first 
principal component (equation (1)) constructed with a set of cross­
country consumption data (represented by non-monetary indicators in log­
arithmic form) as an index of socio-economic welfare may be summarised as:
1. The existence of a common socio-economic welfare function,1, for all 
the countries;
2. I is a direct function based on a limited number m of items.
3. I takes the specific form of an additive logarithmic or addilog
m
function3 I = \ a log x ;
i=l 1
4. Hence I is an homogenous function of the deviation from the mean of 
the logarithms of the variables and I is also concave in the variables 
themselves.
We must now discuss these assumptions in the context of our 
study. Assumption 3 concerning the form of the utility function is based 
on the empirical evidence; the data available certainly fit such function 
without much constraint.2 In Chapters II and III we have noted that a
1 We refer to the physical elasticity of the two commodities vis-a-vis 
each other (in the two-commodity case) as prices and income change.
This elasticity can be reckoned along a "physical Engels path" relating 
the logarithms of two non-monetary indicators in a cross-country survey.
2 Indeed, we obtain a very high proportion of the total variance 
explained by the first principal component.
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comparison (of welfare or of GDE) is meaningful only in the case of 
homotheticity but such a case is highly unrealistic as, in fact, a 
representative sample of consumption goods usually includes necessities 
and luxuries. However, our utility function is a function of the 
transformed variables and as such it is homogeneous and the comparison, 
using transformed variables (linearised vis-ä-vis each other) becomes 
meaningful. Assumption 2 is the foundation of this study as our aim is 
to perform international comparisons with a limited number of non­
monetary indicators, hence we must allow it. Finally, assumption 1 is 
certainly the most difficult one to support as different countries natur­
ally show different tastes,1 and benefit from different endowments. 
However, our commodities are chosen in such a way that they do not reflect 
the differences in taste or endowment, but integrate them. For instance, 
we choose calories daily intake that can represent rice as well as wheat 
consumption, textile consumption that can represent wool as well as 
cotton consumption, etc. We must admit that such an approach is limited 
to a rather small number of very general items of consumption.
1 We might lend an alternative interpretation to the necessity of
assuming a common function, by analogy to an argument that has been 
advanced in comparisons of national incomes. Samuelson and Swamy 
(1974) mention that if the countries are similar two by two, an 
average form of index like the Fisher’s Ideal might offer a good 
approximation. Hence, we could chain all the countries two by two 
just by somehow multiplying together successively computed Ideal 
indices of various countries (ranked according to their level of 
development, for instance). Now we assume that each country 
possesses its own SEW function (homothetic in the transformed 
variables) that can be estimated with the help of a national time 
series. If we pool the data for all the countries, we would obtain 
an international SEW function such that its coefficients would be 
some kind of average of the coefficients yielded by the national 
SEW functions. In consequence, the nature of such index is not 
unsimilar to some average form of index (e.g. Fisher’s Ideal).
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B
CONCLUDING REMARKS
In Part I, we have described the various problems related 
to the international comparison of monetary aggregates. As a result, we 
decided to try to develop non-monetary approaches to these comparisons.
The methods were presented and experimented upon in Part II where we used 
them to reconstruct an already existing monetary aggregate, Gross Domestic 
Expenditure. The overall results were rather satisfactory as the methods 
permitted us to correct GDE for the countries presenting blatantly incon­
sistent levels and to predict GDE for a number of countries which did not 
possess any national income statistics. Part III can thus be regarded 
as an application of these methods for a more ambitious project: the
construction of an index of socio-economic welfare. As shown in the 
previous section, it appears that some of the worse theoretical difficult­
ies were still present in a non-monetary approach and that some more 
stringent assumptions were implicit if the comparison was to be made 
meaningful. However, at the same time, we must now stress that our methods 
enable us to avoid other theoretical difficulties. The problems created 
by non-homotheticity are avoided by careful transformation of the 
variables and those brought by the use of exchange rate in order to trans­
late the various currencies into one another are circumvented. In this 
respect, we offer an alternative approach, however rough it may be, to 
the lengthy purchasing power parity studies. The statistical process we 
develop yields immediately some kind of multilateral averages;1 we do 
not have to choose between a Paasche or a Laspeyres index, and our co­
efficients are valid for all the countries.
l Kravis, et.at.3 last study (1976) yields results of a similar nature.
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Our other main contribution stems from the use of the non­
monetary indicators which permits us to introduce the various elements of 
consumption in a more direct form, i.e. not in the form of expenditure 
but in the form of actual consumption of goods or services and which permits 
us to integrate in the study other important concerns that are not directly 
reflected in a monetary form.
In conclusion, we believe that comparisons of a very wide array 
of countries, from the richest to the poorest, are quite difficult to 
perform and cannot be too precise for the one ominous reason that tastes 
and endowments are substantially different along such a range of countries. 
This very point has been made in a theoretical manner in Chapter II and 
Chapter III and in a more prosaic manner in Chapter IV and Chapter IX when 
we tried to find "universal" indicators. Hence, a possible extension of 
this study would be to divide the countries into the developed and the less 
developed ones to choose a different set of indicators for each group.
These indicators should discriminate well between countries within each 
group and the resulting comparison between the countries of a specific 
group would thus be slightly more precise.
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A P P E N D I X  I I
THE NO N- MON ET AR Y  I N D I C A T O R S  OF  
GR OSS  D O M E S T I C  E X P E N D I T U R E
STEEL
Source: UN Yearbook 
Number o f  C o u n tr ies: 120
Years: 1966 to  1970
The UN Yearbooks q u o te  as  t h e i r  s o u r c e  t h e  U n i t e d  N a t io n s  
Economic Commission f o r  Europe .  The d a t a  a r e  p r e s e n t e d  i n  t h e  form of  
k i l o g r a m s  p e r  c a p i t a  o f  a p p a r e n t  consumpt io n  i n  te rms  o f  c ru d e  s t e e l .
The a p p a r e n t  c onsum pt ion  r e p r e s e n t s  p r o d u c t i o n  p l u s  im p o r t  and minus 
e x p o r t .  The changes  i n  s t o c k s  a r e  n o t  t a k e n  i n t o  a c c o u n t .  C on s e q u e n t ly  
t h e  a u t h o r s  warn t h a t  as  t h e s e  changes  can be  q u i t e  c o n s i d e r a b l e  f rom one 
y e a r  to  a n o t h e r  i n  c e r t a i n  European  c o u n t r i e s ,  t h e  t r e n d  and t h e  g e n e r a l  
l e v e l s  a r e  more s i g n i f i c a n t  t h a n  t h e  s p e c i f i c  m agn i tude  f o r  one s p e c i f i c  
y e a r  i n  one s p e c i f i c  c o u n t r y .
The t r a d e  d a t a  i n c l u d e  i n g o t s  and s e m i s ,  a l l  r o l l e d  p r o d u c t s ,  
s t e e l  t u b e s  and f i t t i n g s ,  s t e e l  w i r e s ,  r a i l w a y  t i r e s ,  w he e l s  and a x e s .  
They e x c l u d e  p i g  i r o n ,  f e r r o  a l l o y s ,  c a s t  i r o n  p i p e s  and i r o n  found ry  
p r o d u c t s .  For  c o u n t r i e s  w i t h o u t  d e t a i l e d  d a t a  on i m p o r t s  and e x p o r t s ,  
t h e  im p o r t  d a t a  were  d e r i v e d  from t h e  e x p o r t i n g  c o u n t r i e s  d e t a i l e d  
s t a t i s t i c s .
The d a t a  on p r o d u c t i o n  a r e  p r o b a b l y  r a t h e r  r e l i a b l e  b e c a u s e  
s t e e l  i s  p roduce d  o n l y  i n  a few u n i t s  o f  p r o d u c t i o n .  F u r t h e r m o r e ,  as
362
362(a)
governments are very interested in the amount of steel produced because 
of its importance for the rest of the economy, there are certain pressures 
to keep reliable statistics on production. Steel is an input for a large 
number of basic industries; it is thus more difficult to keep records of 
the stocks which may be held not only at the steel mill but at all the 
other factories using steel and in any form.
In order to compare a large number of countries, steel consump­
tion is a better indicator than steel production because most countries 
import some steel and use it in some industry, but only a few countries 
produce it. As steel consumption is in the form of an industrial input, 
it is representative of the level of industrialisation of a country and 
thus it is an economic indicator of the gross national product of a country. 
It is only indirectly related to the material standard of living of the 
people since it is not an item of final consumption.
ENERGY - PRODUCTION AND CONSUMPTION
Source: UN Yearbook 
Number of Countries: 179
Years: 1966 to 1970
The data presented refer to total production in million metric 
tons of coal equivalent, total consumption in the same unit and per 
capita consumption in kg of coal equivalent. The production data are 
based on production of coal, lignite, crude petroleum, natural gas, hydro 
electricity and nuclear electricity. The consumption data are based on 
apparent consumption of coal, lignite, petroleum products, natural gas 
and hydro and nuclear electricity. Coke, manufactured gas and electricity 
internationally traded are considered consumed by the importing country. 
Bunker supplied for foreign going ships are excluded from consumption data. 
When no suitable official data are available, estimates are made by the UN
363
Statistical Office.
The comparison between coal and the other source of energy 
is based on their respective calorific values. A table of conversion 
factors is presented in appendix of the UN Yearbook. For instance, 1 
metric ton of coke briquette is equivalent to .9 metric ton of coal 
briquette while 1 metric ton of refined petroleum is equivalent to 1.3 
metric ton of crude petroleum.
Energy is an intermediate good which is used in industries as 
well as by the consumers. Energy is probably the only input which 
is used practically in all industries in greater or lesser quantities.
As far as the final consumer is concerned, energy is an input which 
becomes more and more important as reliance on appliances and cars become 
more universal. Hence, energy production or energy consumption will be 
excellent indicators of the level of industrialisation and of level of 
the GNP of a country.
However, as an indicator of welfare, per capita energy consump­
tion does not fare too well for two reasons. First, the more energy is 
consumed, the more pollution is created. Second, the world energy resources 
have been used by the more developed countries in an often wasteful manner 
for decades, and only recently the fact that the world energy resources 
are not indefinite has stricken people’s consciences.
It is rather difficult to judge the reliability of such an 
indicator; however, since it is a compound indicator and since each of 
the components have to be converted into a common unit, the energy pro­
duced by one kg of coal, there is certainly room for a lot of inaccuracies.
The second cause of unreliability might be more serious because 
instead of random errors, it might bring a bias. Indeed, the data are 
based on the production or consumption of coal, lignite, petroleum, gas 
and electricity. These are obviously the main sources of energy in the
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developed countries; however, the poorer countries use many other 
sources of energy which are not included here and could not be accounted 
for very easily. For instance, they might use the energy produced by 
the wind, by streams, by hot springs, by animals, by wood, etc.
ELECTRIC ENERGY
Source: UN Yearbook
Number of Countries: 191
Years: 1962 to 1970
The UN Yearbooks offer two series, one on the installed capacity, 
i.e. the capacity of all generators available for simultaneous operation 
at the end of the year and the other on production, i.e. the production 
of the generating centres including station use and transmission losses.
The data are given in 1,000 kilowatts and can be readily trans­
formed in per capita observations. The figures for installed capacity 
are probably more reliable than the figures for production since the 
former can be obtained by adding up the potential of all the generators.
If all the electricity was produced by large thermal installations and 
dams, it would be rather easy to keep track of the total production. 
However, a certain share of the production is originated in factories 
which manufacture their own electricity and use it as an input for other 
production. The UN Yearbooks present data for these two sources of 
electric energy. The data are in the following form: I + P and P only.
I refers to industrial establishments generating primarily for their own 
use, and P refers to enterprises generating primarily for public use. I 
is always an input for some further production. A fraction of P reaches 
the final consumer. The rest is bought by other industries as an input 
for further production.
As electric energy is not readily stored but mainly transported
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to be consumed, production data can be regarded as an estimate of 
consumption data. Moreover, as electric energy is already accounted for 
in energy, the use of both indicators introduces some overlapping. 
However, electric energy might reflect more sophisticated methods of 
production. On the other hand, as countries develop the forms of energy 
best fitted to their natural resources and adapt their methods of produc­
tion to these forms of energy their score on electric energy might not 
reflect their level of attainment.
MOTOR VEHICLES IN USE
Source: UN Yearbook
Number of Countries: 156
Years: 1962-1970
Two sets of statistics are offered. The first set corresponds 
to passenger cars, i.e. vehicles seating no more than 9 persons (including 
the driver) including taxis, jeeps and station wagons. The second set 
corresponds to commercial vehicles including vans, lorries, buses, 
tractors and semitrailer combinations - excluding trailers and farm 
tractors. Finally, special purpose vehicles are excluded, i.e. two or 
three wheeled cycles or motorcycles, trams, trolley buses, hearses, 
ambulances, military and police vehicles.
For the years in which a census or registration took place, the 
census or registration figures are shown. For all the other years, the 
officially estimated number of vehicles in use is shown. The time of the 
year to which the figures refer is variable.
These statistics must be relatively reliable because most 
governments keep track of the number of cars by licencing them. Production 
or import statistics are rather easy to keep given the large size and the
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high values of cars. Smuggling is evidently possible but not on a very 
large scale. The main area of imprecision is probably in the question 
of whether an old car is still "in use" or not and of course the 
statistics will reckon only the cars which are still registered.
Passenger cars are a definite indicator of the level of living, 
of industrialisation and of development.
As an economy becomes more sophisticated, the need for cars for 
transportation to and from work and the created need for cars for leisure 
increases. However, this need can be fulfilled only if the infrastructure 
of roads, garages, petroleum stations develops harmoniously with the rest 
of the economy. Parallely as demand for goods and services becomes more 
diversified and sophisticated, the need for all kinds of commercial 
vehicles arises since they are more versatile and adaptable than other 
means of transportation, like railways or aircraft.
Obviously, there are also negative externalities linked with the 
expansion of the stock of motor vehicles: traffic jams, pollution are
the most ostensible. This raises a few questions as to the value of motor 
vehicles as an indicator of welfare. If the negative aspects of motor 
vehicles are also taken into account with some kind of pollution 
indicator like the one mentioned above, passenger cars can be considered 
as a very valuable indicator of the standard of living, while commercial 
vehicles might be an indicator of economic activity.
TELEPHONES
Source: UN Yearbook
Number of Countries: 181
Years: 1966-1970
The telephone data are presented in the form of the stock of 
telephones in use at a certain point of time. Two series are offered:
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total number of telephones and telephones per 100 inhabitants.
Obviously, this indicator does not yield the amount of communication 
sent or received during the year; it only reflects a potential amount 
of communication that could be performed.
The data are very comprehensive; the sources are, for the 
reporting countries, the International Telecommunication Statistics, 
Geneva, "Telecommunication Statistics" and,for the other countries, The 
American Telephone and Telegraph Company, New York, "The World's 
Telephones". Only the number of public or private telephones installed 
which can be connected to a central exchange are included; hence inter­
com systems are excluded. The data reported by the International Tele­
communication Union vary from one country to another as to the method 
and the date of count, while the data reported by the American Telephone 
and Telegraph Company use the first of January of the following year as 
the date of count.
Some sources of inaccuracy will certainly be introduced by 
using various methods or dates of count, but it should not impair the 
usefulness of this indicator. Seasonal fluctuations are not so important 
for stock indicators. Another point is not made completely clear; it 
concerns the distinction between phones receivers and lines. If several 
homes are connected with the same line, they are probably all included 
in the counting because they are all connected to a central exchange.
RADIO RECEIVERS
Source: UNESCO
Number of Countries: 183
Years: 1960; 19653 1968, 19693 1970
Two series are presented: the total number of sets and the number
of sets per 1,000 inhabitants. They refer to all types of receivers
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including wired receivers (i.e. receivers connected to a redistribution 
sys tem).
A first problem arises from the fact that the data presented 
are of a slightly different nature. Either they correspond to the 
number of sets declared (L) or they correspond to the estimated number 
of receivers in use (R). If inaccuracy is the main weakness of (R) 
since it is only an estimate, the first system (L) suffers from incon­
sistencies. Indeed in some countries, one licence might cover all the 
sets owned by a household, while in other countries one licence per set 
is the rule. Furthermore, some countries impose a combined licence 
including radio and television sets. In conclusion, the statistics based 
on the number of licences are not readily comparable.
Despite its lack of consistency, radio is usually considered as 
a good indicator as it has a high correlation with GNP and it is very 
often used in international comparisons studies. However, from the point 
of view of welfare, this indicator might play a different role in 
developed or less developed countries because of its steeply diminishing 
marginal utility, once the basic need of one radio per household is 
fulfilled. (This is discussed in Chapter IX.)
DAILY GENERAL INTEREST NEWSPAPERS
Source: UNESCO
Number of Countries: 155
Years: I960, 1965, 1968, 1969, 1970
Statistics are presented on the number of daily newspapers, on 
the estimated total circulation and on the estimated circulation per 1,000 
inhabitants. These newspapers are defined by UNESCO as publications 
devoted primarily to recording news of current events in public affairs, 
international affairs and politics. They must be published at least four
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times per week. 44 small countries or territories which do not produce 
any publication fitting the above definition are excluded. The third 
indicator, on estimated circulation per 1,000, is the most interesting 
one. However, since the word "estimated” appears in the title, its 
reliability must be questioned.
In principle this indicator should record the average daily 
circulation which includes newsstand sales, subscription sales, free 
distribution within the country and abroad and excludes unsold copies. 
Unfortunately, although the UNESCO has defined some standards of 
classification, not all countries abide to them, and circulation sometimes 
means the number of copies printed or even an estimate of it. Another 
difficulty comes from the fact that»for more than 20 countries, the data 
on circulation do not refer to the total number of newspapers, but to a 
smaller number.
Although the reliability of this indicator raises serious 
questions, its value, from a conceptual point of view, is rather important. 
It shows the degree to which the people of a certain country are exposed 
to current affairs. It indirectly measures the degree of political and 
social awareness of a certain country. It might help the people who have 
been exposed to a minimum of schooling to retain their literacy and it 
might create positive attitudes towards social changes and modernisation. 
Finally, it is an indirect indicator of literacy.
HOUSING STATISTICS
Source: UN Yearbook
Number of Countries: between 40 and 85
Years: most recent (not very recent)
There is a large variety of housing statistics. They are broken 
down in two main categories: households and dwellings. The series on
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households include total number of households, average size of households 
(persons per households) and tenure of households in conventional dwell­
ings: owner occupant or renter.
The second group of statistics, on dwellings, includes the 
following series: number of dwellings, number occupied, vacancy ratio,
size (rooms per dwelling and percentage of dwellings with one room), 
density of occupation (average number of persons per room and percentage 
of dwellings with three or more persons per room) and, finally, data 
on equipment (percentage of dwellings with water piped inside or outside, 
with toilet of any kind, with flush toilet, with electric lighting and 
with fixed bath or shower).
These data are given for the latest year. Unfortunately, the 
latest year can go as far back as the early sixties or the late fifties 
in certain cases. These statistics are also presented in three forms: 
total, urban and rural.
The poor quality of these statistics is hinted by the fact that 
they are followed by seven pages of notes and footnotes. A special 
situation thus exists for practically every country. This is a very 
troublesome fact as the comparability of most of these figures is thus 
affected. The UN has tried to underline rather strict definitions for 
the main concepts involved: living quarters, housing unit, conventional
dwelling, household, room, etc. However, the very approach to housing 
can be so radically different from one country to another that it is an 
extremely subjective endeavour to classify in the same definition 
various living styles.
The footnotes also warn that the data refer to conventional 
dwellings only and not to other classes of living quarters. However, in 
many countries, non-permanent structures and improvised shelters are 
included. Morevoer in a few countries, the definition breaks down
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completely and it is the space, whatever it is, occupied by a household 
which is taken into consideration. Indeed, a definite lack of consistency 
pervades these statistics. Finally, the distinction between rural and 
urban also varies from country to country.
Not only the nature and the source of these housing 
statistics are such as to make them quite questionable, but the series are 
very incomplete. As a result, the number of relatively comparable 
statistics for the latest year available are
For average density Total 85
Urban 70
Rural 55
For percentage of dwellings Total 69
with piped water inside or Urban 67
outside Rural 53
For percentage of dwellings Total 70
with toilet of any kind Urban 62
Rural 46
For percentage of dwellings Total 54
with fixed bath or shower Urban 45
Rural 40
For percentage of dwellings Total 68
with electric lighting Urban 64
Rural 50
This is not very promising especially since, as usual, the 
missing data concentrate at the lower end. Moreover, these statistics 
are constructed from census often performed in restricted areas of the 
country.
In conclusion, although the housing indicators are extremely 
important indicators of the standards of living, their unreliability and 
their lack of comparability is overwhelming.
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SCHOOL ENROLMENT RATIOS FOR THE FIRST, SECOND AND THIRD LEVEL OF EDUCATION
Source: UNESCO
Number of Countries: 191
Years: I960, 1965, 1968 or 1969
These statistics refer to the percentage enrolled of 
corresponding population of school age as defined for each country. Data 
are presented for the total population and also only for the female 
population. With the exception of the third level where the age group 
chosen is 20 to 24 for all the countries, for each level the age group 
varies according to the various definitions in the various countries. 
Consequently, all kinds of adjustments are made. If a country has 
several educational systems with different age breakdowns, the UNESCO 
statisticians choose the system followed by the majority of students. If 
there is no obviously dominating system they use an average. Finally, 
UNESCO always chooses the actual practice rather than the legal age group. 
UNESCO also adjusts in order to avoid overlapping of the age groups from 
one level to another; unfortunately, in some countries there is still 
some substantial overlapping. In this case, they just take the wider 
range for each level and put a warning asterisk for such countries.
The age group for the combined ratio for the first and the 
second level is defined by taking a whole range covered by the two age 
groups defined for the first and the second levels.
Enrolment ratios for the second level are based on total 
enrolment, i.e. general, vocational and teacher training.
Countries where enrolment at the first level is greater 
than 100% because of overlapping between levels are noted. However, in 
the case of poorer countries with rather low enrolment ratios at the 
first level, overlapping might not create ratios over 100% and it seems 
that such cases might go unnoticed. Countries where enrolment at the first
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level is greater than 100% , because they are very small countries and 
the slightest statistical discrepancy can cause such a ratio, are also 
noted.
The comparability of these statistics receives a serious 
blow because we do not always know if there is overlapping in the case of 
ratios smaller than 100%, and moreover, if it is present, we do not know 
the extent of this overlapping. Perhaps the combined ratio for the first 
and second level irons out some of these difficulties.
However, there are still large age variations in the groups 
for the combined first and second level. The frequency distributions for 
the lower and the upper limits of this group are as follows:
Lower limit Upper limit
Age Number of Countries Age Number of
4 1 14 1
5 52 15 3
6 91 16 15
7 47 17 57
8 2 18 66
19 51
20 -
21 1
The third level presents another complication. One would 
assume that the third level starts at the end of the second level.
However, there is a gap for most countries because their second level 
ends around 18 and the age group chosen for all the countries to correspond 
with the third level is 20 to 24 years.
A few other facts can bring even more imprecisions into these 
enrolment indicators. First, children can be enrolled in more than one 
school. Second, in many countries there is no reason why children younger, 
or certainly older than the lower or upper age limit would not be 
studying in this level.
After having exposed the main statistical weaknesses of the
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enrolment indicators as far as their comparability and their reliability 
is concerned, we will now turn to more general and conceptual criticisms.
The first point concerns the dependency of this indicator 
on the age structure of the population. Indeed, a country with a very 
young population and a low life expectancy rate might have to exert a 
much greater effort to obtain the same ratios as a country with an older 
population.
The next point refers to the relation or the lack of relation 
between school enrolment, school attendance and, finally, quality of 
schooling. Indeed, school enrolment is a purely quantitative indicator 
and there is no way to infer anything about the quality of the schooling.
On the other hand, school attendance might be related to the quality of 
schooling to a certain extent. Good school equipment and good teachers 
will definitely attract more children. School enrolment is more likely 
to depend on the law (compulsory education from such-to-such age) and 
on the availability of the school (distance from home). We can easily 
imagine the case of a underdeveloped country passing compulsory education 
laws for ideological reasons, but not having a sufficient number of 
schools to offer any good quality education; the obvious result will 
be a high enrolment ratio to comply with the law but a very poor attend­
ance ratio due to the low quality of the overcrowded classes. Consequently, 
enrolment ratio and attendance rates can even be negatively related.
We also note that the enrolment ratios at the first level 
and also at the combined first and second level for the developed countries 
vary around 100%. They have reached a desirable ceiling, and the varia­
tions are rather meaningless. On the other hand, these ratios show very 
dramatic improvements in any time series for most underdeveloped countries 
and consequently are more interesting indicators for these countries.
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CINEMAS
Source: UNESCO
Number of Countries: 186
Year: latest year available (late sixties)
They refer to all cinema establishments regularly used for 
commercial exhibition. The data is broken down into the following 
categories: the number of fixed cinemas, i.e. establishments possess­
ing their own equipment indoor or outdoor (drive-in)
a) showing 35 mm films (and over), and
b) showing 16 mm films (and over);
the total seating capacity and the seating capacity per capita; the 
total number of mobile units (commercial or non commercial) i.e., 
projection unit equipped and used to serve in more than one site; 
finally, the annual attendance (total and per capita) including admission 
in drive-ins and mobile units computed from the total number of tickets 
sold throughout the year.
The two most general indicators: seating capacity per 10000
and annual attendance per inhabitant are deemed the most interesting. 
However, the indicators on cinema definitely suffer accutely from the 
following defect: Cinema is only one form of entertainment among many
other substitutable ones. The introduction of television which also 
offers the viewing of films makes this indicator even more questionable.
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Finally, the nature of the cinema indicators is such that 
they can not be trusted offhandedly. Such statistics are generated in 
the numerous movie theatres scattered all over a country and it is 
likely that their data on attendance are not too accurate.
FOOD INDICATORS
Source: UN and FAO
Number of Countries: 131
Years: latest year
The data are gathered and processed by the Food and 
Agriculture Organisation and by the OECD for the European members. They 
are presented in the form of food balance sheets and they give a compre­
hensive picture of a country's food supply during the year. With data 
on the quantities domestically produced, imported, exported and stocked 
the available supply is obtained. After substracting the processing 
wastages, the net supply or the quantity consumed is deducted. From 
these data it is possible to compute the average daily calories or 
proteins or lipides intake using population data and definitions on the 
composition of food in terms of energy and nutrients.
It must be stressed that these statistics are either pre­
pared by the various governments in collaboration with FAO, or they are 
prepared by the FAO with any data available and then submitted to the 
governments involved for approval. However, the second method might 
introduce more guesswork and inaccuracies.
The UN also warns about the reliability of these data for 
several reasons: The quality of these statistics depends upon the quality
of the national statistics which can be very poor in certain cases 
(production, trade, changes in stocks data can be quite inadequate). To 
deduct net supply from available supply, very rough conversion factors
376
might be used for lack of proper statistics. Inaccuracies in the popula­
tion census will be further reflected in the per capita figures. Finally, 
international data are often used to convert a certain quantity of food 
into calories or proteins, however there might be variations from one 
country to another in these values.
The UN Yearbooks present two main series: one on the average
food supply, i.e. the total supply in 1000 tons per year of eight basic 
items and their domestic production as a percentage of total supply. The 
food items are wheat and rye, rice (milled), other cereals, potatoes, 
sugar and sweets, pulses, nuts and seeds, meat, and fats and oils. The 
other series is net food supplies per capita, offering slightly different 
items in the form of grams consumed per inhabitant per day. The items 
are: cereals (as flour), potatoes etc., sugar and sweets, pulses, nuts
and seeds, meat, milk, and fats and oils. Moreover, the table offers 
calories per day, % of calories from animal origin, and proteins per day 
in grams.
Beside the calories and protein statistics above mentioned 
available in the UN Yearbooks, we can obtain from the FAO Yearbooks 
further and more detailed statistics: net food supply per capita with a
slightly more extensive breakdown of eleven items expressed in grams per 
capita in the first table, translated in grams of proteins per capita, 
in number of calories per capita, and in grams of lipides per capita in 
three further tables.
The FAO Yearbook also yields data on total animal protein 
and from it one can compute the percentage of protein from animal origin. 
Finally, by adding the calories from cereals, potatoes, pulses and nuts, 
and dividing it by the total amount of calories,we obtain an indicator 
of percentage of calories from cereal and starch, i.e. an inferior 
commodity which consequently varies in opposite directions with develop­
ment .
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For each country there is one to four sets of figures 
corresponding to four different years or three years' average between 
1960 and 1970. The period most frequently presented is 1964-1966, and 
87 countries (out of 131 countries) have 1964-1966 as their latest period 
available. Since the rest of the indicators are chosen as an average 
of 1968-1970, we are faced with a problem of consistency.
Another point must be stressed: the rich countries do not
show any increase in their calories or proteins intake over the years. 
Indeed, they have reached a certain ceiling and any increase in their 
intake per capita would probably be unhealthy. However, improvement for 
these countries takes the form of substitution of what they think is a 
less interesting food to a more delicate food. Unfortunately, such 
substitution is most subjective, it depends on people's tastes and may 
vary drastically from one country to another. Obviously, such a 
substitution can not be quantified or measured. The only rough indicators 
for these trends are % calories from cereal and starch and % calories 
from animal origin.
On the other hand, the most striking feature of the less 
developed countries is the problem of malnutrition. The extent of this 
problem can be shown with the help of calories and proteins and other 
nutrients average intake per day.
In consequence, these indicators are quite good in order to 
compare the poor countries between themselves, or the poor countries in 
relation to the rich countries. However, it is useless to compare the 
rich countries between themselves.
Another weakness stems from the fact that the per capita 
data are deducted by dividing by the total population without taking 
into account the age structure of the population. Indeed, if two 
countries, one with a relatively large adult population and the other
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with a relatively large population of children are compared, the latter 
country will be better nourished on the same average daily intake per 
capita than the former. We must also point out that the needs for 
certain nutrients varies according to various climates and various 
activities.
Finally, these food indicators transformed into amount of 
energy or amount of nutrients are very important for international com­
parison studies because they are presented in the most comparable form 
possible. Indeed, tastes are very different from one country to another, 
furthermore physical endowment, climate, etc. in a certain country 
dictate the kind of food that will be produced. So calories or proteins 
are the best way to standardise all these factors.
Besides the various problems concerning the reliability of 
the food indicators, their main drawback is the fact that they do not 
lend themselves to such meaningful comparison for the developed countries.
TOTAL FIBRE CONSUMPTION
Source: FAO
Number of Countries:
Years: latest
The data present the total quantity of fibre available for 
consumption in each country. The total production in the mills is 
adjusted by the net balance of trade, but stocks are not taken into 
account because of inadequacy of data. All the quantities are converted 
into raw fibre equivalent (in weight) with the help of a conversion 
table presented at the end of the pamphlet; it is thus possible to 
aggregate the consumption of all the different fibres whether it is in 
yarn, ribbon or yardage, etc. The yearly consumption is also presented 
in the form of kilograms per capita for each country.
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The fibres included are as follows: cotton, wool, flax,
artificial fibres of cellulosic origin (continuous and non-continuous) 
and artificial fibres of non-cellulosic origin (continuous and non- 
continuous). We must note that as the artificial fibres are usually 
lighter than the non-artificial ones the conversion into weights will 
slightly underestimate the relative importance of the former.
The pamphlet also warns us that the data for Hong Kong, 
Gambia, Libya and PDR Yemen might be questionable, and that the Dutch 
consumption might be overestimated, while the French and the Belgian 
consumptions might be underestimated because of a large volume of trade 
in carpet, the fibre content of which is not always properly recorded 
with the table of conversion.
HOSPITAL ESTABLISHMENTS
Source: UN and WHO
Number of Countries: 221
Years: latest year available
The UN Yearbooks present several series on hospital estab­
lishments: total number of hospitals, total number of beds and population
per bed. The WHO Yearbooks add to this list - admission per 10,000 and 
bed occupancy rates. The term "hospital establishments" is interpreted 
in a wide sense; it can be government and private hospitals, general 
and specialised hospitals, and any medical establishment with beds; 
however,old people’s homes, custodial care and preventive care are 
excluded.
The total number of hospitals is not a very interesting 
indicator, since the size of the hospitals varies. The very large 
hospitals are often the best ones, since they are in a position to have 
specialists in all the various fields of medicine. However, another
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very crucial quality for a hospital is its availability; thus in a 
country with a low population density, it is more advantageous to have 
many smaller hospitals closer to the people who might need hospital care. 
In consequence, an indicator of the number of hospitals per 100 square 
kilometres, for instance, might measure this feature and can constitute 
an interesting indicator for low density countries.
Population per hospital bed is definitely a quantitative 
indicator of health care. Developing countries with very large population 
seem to have worse scores than those with smaller population. The score 
varies from 8000 in Bangladesh to about 67 in Sweden. It fluctuates 
around 100 for the developed countries and at such a level it does not 
discriminate very well between countries.
The data for a few countries include government establish­
ments only, and are no more comparable given the unknown extent of the 
private clinics. WHO also offers similar series of data on specific 
hospitals: general hospitals, local and rural hospitals, medical and
maternity centres, tuberculosis hospitals, mental hospitals and maternity 
hospitals. However, the data is too specialised and the series too 
incomplete to be of great interest.
HEALTH PERSONNEL
Source: UN and WHO
Number of Countries: very extensive
Year: latest year
Obviously, the most general indicators are those on 
physicians. They are presented in both forms: as the total number of
physicians or as population per physician. The data refer to persons 
qualified from a medical school of university level (medical specialists 
must be included). They have to be working in the specific country in
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private practice, in private institutions or as employees of an official 
service. Unfortunately, the UN Yearbook warns that these statistics 
might not always be comparable, due to the lack of precise information 
for certain countries regarding either the professional level of the 
personnel or the real number actually working in the country.
In consequence, it is likely that this indicator is an 
indicator of quantity rather than of quality, since the medical degrees 
obtained in various countries can be very different; some countries 
award medical degrees after three to four years of medical studies, while 
other countries require seven to eight years. However, if we assume that, 
in each country, the physicians will be specialised into the kind of 
medical care that is most needed, this feature might not be a serious 
drawback.
Unfortunately, the second statistical difficulty concerning 
the lack of data in certain countries about the real number actually 
working in the country versus abroad cannot readily be dealt with.
Some double counting might occur, and one can only hope that only a 
small proportion is involved.
Since the availability of physicians might be a more crucial 
aspect than their quality and since sick people should not travel much, 
an indicator of the number of square kilometres per physicians or 
population distance per physicians might be a useful measure. Data on 
nursing and on midwifery personnel are also presented. The conditions 
of inclusion in this category are very loose and the indicators are 
consequently very general.
In conclusion, we shall discuss some problems inherent to 
the health indicators. Indeed instead of studying health indicators, we 
have actually considered indicators of medical care, i.e. hospitals or 
physicians; obviously health like education is one of those sectors
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that cannot be measured directly. The World Health Organisation 
defines health as "a state of complete physical, mental and social well 
being and not merely the absence of desease and infirmity". Good health 
is obviously a desirable goal. However it cannot be measured readily. 
Moreover, two other factors, sanitation and hygiene, which unfortunately 
cannot be measured or compared very readily are also primary causes of
good health.
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